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Table 5-71. Mean abundance and relative composition of all RIS and 

non-RIS invertebrate meroplankton reported from select collections 

made in the intake canal (Station A) of the Big Bend Powerplant 


from March to October 197ga (Sheet 1 of 2) 


Taxon 


Pinnixa sayana 

Eurypanopeus depressus

Hexapanopeus angustifrons 

Upogebia affinis 

Menippe mercenariab 

Unidentified Xanthidae 

Balanus spp. 

Rhithropanopeus harrisii 

Polyonyx gibbesi 

Pinnixa chaeopterana 

Panopeus herbstii 

Unidentified Brachyura 

Alpheidae sp. A 

Uca spp.
-
Unidentified Pinnotheridae 
Neopanope texana 
Polychaeta 
Unidentified grapsizoea 
Palemonetes pugio/vulgaris 
Sesarma reticulaturn 
Ogyrides limicola 
Pinnotheres maculatus 
Hippolyte spp. 
Aegathoa sp. 
Gastropod 
Sesarma cinereum 
Callianassa sp. D 
Palaemonetes spp. 
Periclimenes spp. 
Pagurus longicarpus 
Ambidexter symmetricus 
Unidentified Porcellanidae 
Paguridae sp. A 
Penaeus duorarumb 
Unidentified Caridea 
Alpheidae sp. D 
Alpheidae sp. B 
Portunidae sp. B 
Callianassa sp. A 
Unidentified decapod
Callianassa sp. B 
Persephone mediterranea 


Mean 

number per 

cubic meter 


15.231 

8.120 

3.995 

3.359 

2.047 

1.340 

1.114 

1.069 

0.886 

0.815 

0.750 

0.620 

0.591 

0.551 

0.536 

0.406 

0.278 

0.256 

.O.245 

0.235 

0.219 

0.204 

0.101 

0.088 

0.085 

0.078 

0.070 

0.064 

0.061 

0.042 

0.034 

0.033 

0.033 

0.033 

0.033 

0.026 

0.023 

0.021 

0.019 

0.019 

0.016 

0.009 


Percent of 

total 


34.77 

18.54 
9.12 
7.67 
4.67 
3.06 
2.54 
2.44 
2.02 
1.86 
1.71 
1.42 
1.35 
1.26 
1.22 
0.93 
0.63 
0.58 
0.56 
0.54 . 
0.50 
0.47 
0.23 
0.20 
0.19 
0.18 
0.16 
0.15 
0.14 
0.10 
0.08 
0.08 
0.08 
0.08 
0.08 
0.06 
0.05 
0.05 

0.04 

0.04 

0.04 

0.02 


Note: See abbreviation and footnotes at end of table. 
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I 

Table 5-71. Mean abundance and relative composition of all R I S  and 
non-RIS invertebrate meroplankton reported from select collections 
made in the intake canal (Station A) of the Big Bend Powerplant

from March to October 197ga (Sheet 2 of 2) 

I ~~ 

Mean 

I number per Percent of 

Taxon cubic meter total 


I 
Alpheidae sp. E 

Unidentified Alpheidae 

Naushonia sp. 

Pilumnus spp. 

Euceramus praelongus 

Petrolisthes spp.

Lolliguncula brevis 

Limulus polyphemus 

Echinodermata 

Unidentified Paguridae

Pagurus annulipes 

Unidentified Callianassidae 

Pagurus pollicaris 

Brachyura sp. B 

Brachyura sp. A 

Callianassa sp. C 

Pinnotheres sp. A 

Unidentified Albuneidae 

Palaemonetes intermedius 

Sicyonia sp.  

Trachypenaeus sp. 

Bivalvia 

Paguridae sp. B. 


1 

0.009 0.02 
0.009 0.02 
0.007 0.02 
0.005 0.01 
0.003 0.01 
0.003 0.01 
0.003 0.01 
0.003 0.01 
0.002 0.01 
0.002 0.01 
0.002 0.01 
0.002 0.01 
0.001 0.01 
0.001 0.01 
0.001 0.01 
0.001 0.01 
0.001 0.01 
0.001 0.01 
0.001 0.01 

0.001 0.01 

0.001 0.01 

0.001 0.01 

0.001 0.01 


Abbreviation: R I S  = representative important species. 

aAdapted from Phillips and Blanchet (1980b). 
~ R I S  taxon. 
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Table 5-78. Macroinvertebra te t a x a  r epor t ed  from 
impingement s t u d i e s  conducted a t  the  Big Bend 

Powerplant during 1972-1975a 

I 

1 


Modiolus demissus 

C r a s  sostrea v i r g i n i c a  


Limulus polyphemus 

S q u i l l a  empusa 

Penaeus duorarum 

Penaeus s e t i f e r u s  

Trachypeneus c o n s t r i c t u s  

Palaemonetes intermedius 

Alpheus a r m i l l a t u s  

Alpheus h e t e r o c h a e l i s  

Uniden t i f i ed  shrimp 


. 	 Upogebia a f f i n i s  
C a l  l i n e c  tes sapidus 

~~ 

-~~~ ~ 

Molgu1a manha tte nsis 

Mo11us ca  

Cyrtopleura c o s t a t a  ' 

Lol l iguncu la  b r e v i s  

Arthropoda 

Portunus g i b b e s i i  

Pagurus spp. 

P e t r o l i s t h e s  armatus 

Eurypanopeus depre ssus 

Hexapanopeus a n g u s t i f r o n s  

Menippe mercenaria  

Neopanope texana 

Panopeus h e r b s t  ii 

Sesarma cinereum 

Sesarma re t i cu la tum 

Metoporhapsis c a l c a r a t a  

I n s e c t a  


Chotda  ta  

S t y e l a  p l i c a t a  

aAdapted from Tampa E l e c t r i c  Company (1975a). 

I 5-236 

i 



Tab l e  5-81. Seasonal occurrence of macroinvertebra  te  t axa  repor ted  
from impingement c o l l e c t i o n s  made a t  the  Big Bend Powerplant from 

January 1976 t o  March 1977a 

Jan.- Apri 1- July- 0ct.- Jan.  -
Taxon March June Sept .  Dec . March 

Aure l ia  a u r i t a  

Chrysura quinquec i r r h a  

Aplysia  w i l l c o x i  

Lo1liguncula b r e v i s  

S q u i l l a  empusa 

Limulus polyphemus 

Penaeus duora nnn 

Trachypenaeu s 


c o n s t r i c t u s  

A1pheu s he  teroch a 1is 
Upogebia sp. 

P e t r o l i s t h e s  armatus 

P e t r o l i s t h e s  sp. 

Pagurus longicarpus  

Portunus g i b b e s i i  

Portunus sp.  

C a l l i n e c t e s  orna tus  

C a l l i n e c t e s  sapidus 

C a l l i n e c t e s  sp. 

Menippe mercenaria  

Hexapanopeus angus t i  f rons  

Neopanope texana 


texana 

Eurypanopeus depressus 

Panopeus he rbs  tii 

Sesarma ciner ium 

Sesarma re t i cu la tum 

L i b i n i a  dubia  

Molgula sp.  


X X 	 X X 

X X X 


X 

X X X X X 

X X X X 

X X X X X 

X X X X X 


X X X X 

X X X X 


X 

X X X 


X X 

X X 


X X X X X 

X X 


X X 

X X X X X 


X X 

X X X X X 


X X 


X X X X X 

X X X X X 

X X X X X 

X X X X X 

X X X X X 

X X X 
X X X X X 

aAdapted from Peekstok, Page, and Haynes (1977). 
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Table 5-84. Non-RIS macro inve r t eb ra t e  taxa  r epor t ed  from 
Big Bend s e i n e ,  t r a w l ,  and impingement c o l l e c t i o n s  

made from March 1979 t o  February 1980a (Sheet  1 of 2) 

I 

I 

I 

c 

I 

I 

I 

I 

I 

1 


Taxon 

Aure l i a  a u r i  t a  

Moon j e l l y  


Chrysaora quinquec i r rha  

Sea n e t t l e  


P o l i n i c e s  dup l i ca tus  

Moon s n a i l  


Busycon contrar ium 

Lightn ing  whelk 


Melongena corona 

Crown conch 


F a s c i o l a r i a  i l l i u m  h u n t e r i a  

Banded t u l i p  


Oliva sayana 

L e t t e r e d  o l i v e  


Lol l inguncula  b r e v i s  

Brief s qu i d  


Limulus polyphanus 

Horseshoe c rab  


S q u i l l a  empusa 

Mantis shrimp 


Trachypenaeus cons t r i  c t u s  

Penaeid shrimp 


Palemonetes pugio 

Grass shrimp 


Pagurus longicarpus  

H e r m i t  c r ab  


Pagurus p o l l i c a r i s  

H e r m i t  c r ab  


Pagurus sp. 

H e r m i  t c rab  

Hapatus pudibundus 
PerseDhona a a u i l o n a r i s  

Purse c rab  
Portunus g i b b e s i i  

Por tunid  c rab  
Hexanopeus angusti f rons  

Xanthid c rab  
Hexanopeus sp.  

Xanthid c rab  

Neopanope texana 


Xanthid c rab  

Eurypanopeus depressus 

Xanthid c rab  

C o l l e c t i o n s  
Se ine  Trawl Impingement 

X 

X 

X 

X 

X X 


X 

X 

X X 

X X 

X 

X 

X 

X 

X 

X 

X 
X 

X X 

X 

X X 

Note: See  abbrev ia t ion  and foo tno te  a t  end of t a b l e .  



I 
Table 5-84. Non-RIS macroinvertebrate taxa reported from 

Big Bend seine, trawl, and impingement collections 
made from March 1979 to February 1980a (Sheet 2 of 2)I 

Col1ectionsI Taxon Seine . Trawl Impingement 

I Panopeus herbstii X 

Xanthid crab 


Unidentified xanthid X X 

Xanthid crab 


Sesarma cinerium X 

Friendly crab
I 

I 
Sesarma sp. X 

Pinnixa chaetopterana X 

Commensal crab 


Libinia dubia X X 

Spider crab


I Luidia clathrata X 

Sea star 


I 
Molgula sp. X X 

Tunicate 


Abbreviation: RIS = representative important species. 

I aAdapted from C m p  (1980). 


I 

I 

I 

I 

I 

1 

I 

I 

I 5-245 



-- 

Table 5-104. Fish t a x a  r epor t ed  from impingement s t u d i e s  
conducted a t  t he  Big Bend Powerplant du r ing  1972-1975a 

Dasyat i s  s a y i  

Gymnura m i  c ru ra 

Uniden t i f i ed  r a j i d  

Elops saurus  

Cal l eche lys  sp. 

Ophichthus gomesi 

Brevoor t ia  patronus 

Brevoor t i a  sp. 

Doro soma cepedianum 

Harengula jaguana 

Opis thonema oglinum 

Anchoa hepse t u s  

Anchoa m i t c h i l l i  

Synodus foe tens  

Arius  f e l i s  

Bagre marinus 

Opsanus be t a  

Por ich thys  porosissimus 

Gobiesox strumosus 

Ogcocephalus nasu tus  

Urophycis f l o r idanus  

Ophidion holbrooki  

Hyporhamphis u n i f a s c i a t u s  

S t rongy lu ra  t imucu 

Fundulus sirnilis 

Membras m a r t i n i c a  

Menidia b e r y l l i n a  

Hippocampus e r e c t u s  

Syngnathus l o u i s  ianae 

Syngna thus spp. 

C a ranx  b a r  th  olomaei 

Caranx hippos 

Caranx l a t u s  

Chloroscombrus chrysurus 

Hem icara nx amb1yrhynchu s 


O l i g o p l i t e s  s au rus  
Se lene  vomer 
Lut janus  g r i s e u s  
Diap t e r u s  p lumie r i  
Euc inostomus a rgen teus  
Eucinostomus g u l a  
O r t h o p r i s t i s  chrysoptera  
Lagodon rhomboi des 
Baird i e  l l a  chrysoura 
Cynoscion  a r e n a r i u s  
Cyno sc  ion  nebulo su s 
Leios  tomus xan thurus  
Men t i c i r r h u s  ame r i canu  s 
Ment i c i r rhus  s axa t i l i s  
Men t i c i r rhus  sp.  
Micropopon undula tus  
Pogonias chromis 
Sciaenops ocellata 
Chaetodip terus  f a b e r  
Mugil cephalus  
Hypsoblennius h e n t z i  
P e p r i l u s  a l e p i d o t u s  
P r iono tus  s c i t u l u s  
P r iono tus  t r i b u l u s  
Para lich thys  a l b  i g u t t a  
Achirus l i n e a t u s  
Tr inec  tes  maculatus 
Un iden t i f i ed  s o l e i d  
Symphurus p l agu i sa  
Alu te ra  s c r i p t a  
Monac an thu s h i s  pidu s 
Lac tophrys q u a d r i c o r n i s  
Sphoeriodes nephelus 
Chilomycterus schoepf i  
D iod on h o l  ac an thu s 

aAdapted from Tampa E l e c t r i c  Company (1975a). 
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Table 5-106. Seasonal occur rence  of f i s h  taxa r epor t ed  
from impingement c o l l e c t i o n s  made a t  the  Big Bend Powerplant 

from January 1976 t o  March 1977a (Shee t  1 of 2 )I 
I Jan .  - Apri l - Ju ly- 0ct.- Jan. -

Taxon March June Sept .  Dec . March 

I Sphyrna t i b u r o  X 

Dasya t is  ame r i c  ana X 

Dasyat i s  s a y i  X 

Gymnura micrura X 

Rhinop tera bonasus 

Elops saurus  

Ophichthus gomesi 

Harengula jaguana X X 

Opisthonema oglinum X X 

Anchoa hepse tus  X 

Anchoa mi t ch i  1li X X X 

Synodus foe  t e n s  X 

Arius  f e l i s  X X X 

Bagre marinus X 

Op sanus b e t a  X X X X 

Por i ch thys  porosissmus X 

Gob i e  sox st rum0 sus  X X 

Urophycis f l o r idanus  X 

Hyporhamphus 


I 
I 
1 
I 
1 

un i fa sc  i a  t u s  X X 

S t ronpylura  timucu X 

Cyprinod on v a r i e g a  tu  s X 

Lucania parva  X 

Membras m a r t i n i c a  X X 

Menidia b e r y l l i n a  X X X 

Hippocampus e r e c  t u s  X X X 

Syngnathus l o u i s i a n a e  X 

Syngnathus s c o v e l l i  

C a  ranx hippos X 

Ch l o r 0  scombrus 


I 
I 
I 
I 

ch r y  surus  X X X X X 

H e m i  caranx  


amblyrhynchus X 

O l i g o p l i t e s  s a u r u s  X 

Selene  vomer X 

Diapterus  p lumier i  X 

Eucinostomus a rgen teus  X X X X 

Eucinostomus gu la  X X X X 

O r  t h o p r i s  t i s  chry sop t e  r a  X X X 

Arch osa rgus 


I 
I 
4 

probatoc PphaI .1~~ A 


Lagodon rhomboides X X X X X 

B a  i r d  i e  1l a  ch r y  soura X X X X X 

Cynosc ion a r e n a r i u s  X X X X X 


I Note: See foo tno te  a t  end of t a b l e .  
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I 
I Table 5-106. Seasonal occur rence  of f i s h  t a x a  r epor t ed  

from impingement c o l l e c t i o n s  made a t  t he  Big Bend Powerplant 
from January 1976 t o  March 1977a ( S h e e t  2 of 2)

I 

I Taxon 

Cynoscion nebulosus 
Leiostomus xanthurus  

Ment i c i r rhus  americanus 

Ment i c i r rhus  saxa t i  lis
I 

I 
Micropogon undu la tus  

Sciaenops oc e l  l a  ta 

Chaetodip terus  f a b e r  

Mugi 1 cephalus 

Astroscopus y-graecum 

Hypsoblennius h e n t z i  

Bathygobius sopora to r  

Pr iono tus  s c i t u l u s  

Pr ionot u s  t r i b u l u s  

Achirus l i n e a  t u s  

T r i n e c t e s  maculatus 

Symphurus p l a g i u s a  

Monocan thus h i sp i d u s  

Acanthos t rac ion  

q u a d r i c o r n i s  

Sphoe r oi d es neph a  l u s  
Chilomycterus schoepf i  


I 
II 
1 
I 

Jan. - Apri 1- July- 0c t . - Jan.  -
March June Sept .  Dec . March 

X X X X 

X 
X 
X X X 
X 

X X X X 
X X X X X 

X 
X X 


X X X 

X 


X X X X X 
X X X X 
X X X X X 

X X X 
X X X X X 
X X X X 

X 

X X X X 

X X X X X 


I aAdapted from Peeks tok ,  Page, and Haynes (1977). 
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Table 5-107. Non-RIS f i s h  taxa r e p o r t e d  from Big Bend s e i n e ,  

trawl,  and impingement c o l l e c t i o n s  made from March 1979I t o  February 

I Taxon 

I Carcharhinus limba t u s  
B l a c k t i p  shark 

Dasyat is americana 
Southern s t i n g r a y  

Dasya t i s  s a y i  
Bluntnose s t i n g r a y  

Gymnura m i  c N ra 
Smooth b u t t e r f l y  ray 

Rhinop te r a  bonasus 
Cownose r ay  

Myrophis puncta tu s  
Speckled worm eel  

Ophichthus gomesi 
Shrimp eel  

Brevoor t i a  smi th i  
Yellowfin menhaden 

Doro soma pe tenen se 
Threadf in  shad 

Opisthonema oglinum 
A t l a n t i c  th read  h e r r i n g  

Anchoa h ep se t u s  
S t r i p e d  anchovy 

Synodus foe tens 
Inshore  l i z a r d f i s h  

Arius f e l i s  
Sea c a t f i s h  

Bagre marinus 
G a f f t o p s a i l  c a t f i s h  

Op sanus b e t a  
Gulf t oad f i sh  

Por ich thys  porosissimus 
A t l a n t i c  midshipman 

Gob ie sox s t r u m s u s  
S k i l l e t f  i s h  

Urophyc is  f l o r idanus  
South em hake 

Hyporhamphus u n i f a s c i a t u s  
Half beak 

S t rongy lu ra  nota  ta 
R e d f  i n  need le f i sh  

S t ronpy lu ra  timucu 
Timucu 

Cyprinodon v a r i e g a t u s  
Sheepshead minnow 

I 
I 
I 
I 

1 
1 
I 
I 
I 
I 
I Note: See abbrev ia t ion  and foo tno te  

1980a (Shee t  1 of 4 )  

C o l l e c t  i ons  
Se ine  Trawl Impingement 

X 


X X 


X 


X 


X 


X 

X 


X 


X 


a t  end of t ab le .  
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I 
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I 
I 
I 
I 
I 
II 
I 
I 
I 
I 
I 

Table 5-107. Non-RIS f i s h  taxa  r epor t ed  from Big Bend s e i n e ,  
trawl,  and impingement c o l l e c t i o n s  made from March 1979 

t o  February 1980a (Shee t  2 of 4 )  

C o l l e c t i o n s  
Taxon Se ine  T r a w l  Impingement 

F l o r i d i c h  thys c a r p i o  X 
Goldspo t t e d  k i l l i f i s h  

Fundulus grand i s  
Gu1f k i  11i f i s h  

Fundulus s i m i l i s  
Longnose k i l l i f i s h  

Membras mart i n i c a  
Rough sil v  ers i d e  

Hippocampus erec t u s  
Lined seahorse  

Hippocampus zos terae 
Dwa rf seah o r  se 

Syngnathus l o u i s  i anae  
Chain p i p e f i s h  

Syngnathus- scovel  li 
Gulf p i p e f i s h  

Centropomus undec imal i s  
Snook 

Diplectrum formosum 
Sand perch 

Caranx hippos 
C r e v a l l e  j ack  

Ch 1or0scomb rus  ch rysur u s  
A t l a n t i c  bumper 

H e m i c a  ranx amblyrhynchus 
Bluntnose j a c k  

O l i g o p l i t e s  s au rus  
Lea t h e r j a c k et 

Selene  vomer 
Lookdown 

Trachino t u s  f a lca  t u s  
Permit 

Diapterus  p lumie r i  
S t r i p e d  mo jarra  

Eucinostomus argen  t e u s  
S p o t f i n  mojar ra  

Eucinostomus g u l a  
S i l v e r  jenny 

Euc inos tomus 1e f r o y i  
Mottled mojar ra  

Gerres c i n e r e u s  
Yellowfin mo j a r r a  

Orthopr i s t  i s  chry sop te r a  
P i g f i s h  

X 


X 

X 


X 


X 


X 


X 


X 


X 


X 


X 


Note: See abbrev ia t ion  and foo tno te  a t  end of t a b l e .  
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Table 5-107. Non-RIS f i s h  taxa r epor t ed  from Big Bend s e i n e ,  
t r a w l ,  and impingement c o l l e c t i o n s  made from March 1979 

t o  February 1980a (Sheet 3 of 4 )  

Taxon 

Archosargus probatocephalus 
Sheepshead 


Lagodon rhomboides 

P i n f i s h  


Cyno s c  ion  a r e n a r i u s  

Sand s e a t r o u t  


Leiostomus xanthurus  

s p o t  


Ment i c i r rhus  arnericanus 

Southern k i n g f i s h  

Ment i c  i rrhus saxati1is 
Northern k i n g f i s h  

Micropogon undula tus  
A t l a n t i c  c roake r  

Sciaenops o c e l l a t a  
Red drum 

Chaetodip terus  f a b e r  
A t l a n t i c  spade f i sh  

T i l a p i a  sp. 
T i l a p i a  

Mugil cephalus  
S t r i p e d  m u l l e t  

Mugi 1 tr i c h  odon 
F a n t a i l  m u l l e t  

Astroscopus y-graecum 
South em stargaz  e r  

Hy p sob 1enn iu s hen t z i 
F e a t h e r  blenny 

Microgobius gulosus  
Clown goby 

P r iono tus  s c i t u l u s  

Leopard sea rob in  


Pr ionot u s  t r i b u l u s  

Bighead sea rob in  


Ancy 1op set t a  quadr oc e 1l a t a  
Oce l l a t ed  f lounde r  

E t ropus  c r o s  so t u s  
Fringed f l o u n d e r  

P a r a l i c h t h y s  a l b i g u t t a  
Gulf f l ounde r  

Achirus l i n e a t u s  
Lined s o l e  

T r i n e c t e s  maculatus 
Hogchoker 

C o l l e c t i o n s  
Se ine  Trawl Impingement 

X X 


X X X 


X 

X X 


X X 


X X 


X 


X X 


X X 


X 


x X X 


X 


X X 


X X 


X 


X X X 


X X X 


X 


X 


X X 


X X 


. x X 


1 

I 


Note: See abbrev ia t ion  and foo tno te  a t  end of t a b l e .  


5-279 14 




Table 5-107. Non-RIS f i s h  taxa  r epor t ed  from Big Bend s e i n e ,  
t r a w l ,  and impingement c o l l e c t i o n s  made from March 1979 

t o  February 1980a (Shee t  4 of 4 )  

I C o l l e c t i o n s  

I Symphurus p l ag iusa  X X X 
Blackcheek tonguef i sh  

Alu t e r u s  schoep f i X 
Orange f i l e f i s h  

Monacan thus  h i sp idus  X X 
Planehead f i l e f i s h  

Lactophrys q u a d r i c o m i s  X X X 
Scrawled cowfish 

Sphoeroides nephelus X X 
Southern p u f f e r  

ChiloDIycterus schoepf i x x 
Striped ‘burrf ish 

Abbreviation: RIS = r e p r e s e n t a t i v e  impor tan t  spec ie s .  

aAdapted from Comp (1980). 

Taxon Se ine  T r a w l  Impingemen t 

I 
I 
I 
I 
P 
I 
I 
li 
I 

1 

i 
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I 
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involves routing them to surface waters rather than allowing them to percolate into 
the ground water. Such treatment, however, would defeat the purpose of the existing 
treatment  facilities and could increase the concentrations of the above elements in 
surface waters. 

The potential potable water supply at the  Big Bend s i te  is t h e  underlying Floridian 
aquifer. I t  is conservatively estimated that  less than 0.5 gal/min will seep into 
the  Floridan aq l i i e r  as a result of the operation of the existing wastewater-treatment 
system; hence, no impact on the water quality of the Floridan aquifer is expected.
Moreover, the general direction of flow in the Floridan aquifer at the Big Bend site 
is westerly. Any well downstream of the wastewater-treatment system would have to 
be located between the treatment facilities and Hillsborough Bay on property owned 
by the Applicant. In view of this fac t ,  TECO has requested a variance (Tampa Elec
t r i c  Company 1981b) from the Florida waterqual i ty  standards for the concentrations 
of chromium, selenium, mercury, arsenic, and cadmium in discharges from the waste
water  pond and sprayfield system. 

6.3.3.2.2.6 Coal Pile 

Coal-pile leachates generally have low pH values and high concentrations of iron, 
SO4, and several trace metals. Since the  peninsula on which the  plant is sited is 
dredged material, t he  ground water beneath the  coal pile is bay water. The chemical 
impact of the  additional amount of leachate on the  intruding bay water will have 
to be judged in terms of the quality of the ambient ground water and the  amount 
of leachate generated by the proposed expansion of the existing coal pile, and this 
is difficult to predict (Tampa Electric Company 1980b). 

6.3.3.3 Aquatic Ecology 

6.3.3.3.1 Thermal Effects 

After reviewing the Applicant's Section 316 demonstration (Tampa Electric Company
19771, which was based on studies conducted at Big Bend during 1976-1977 (Section
5.3.4.41, the U.S. Environmental Protection Agency (1980) made t h e  following assess
ment  of thermal effects  of the operation of Units 1, 2, and 3 with dilution cooling 
on fish and invertebrate communities in the vicinity of the  powerplank 

N e t  studies conducted by seining and trawling both within and out
side the expected thermal plume boundaries provide data on relative 
abundance, species composition, and community structure of fish 
in Hillsborough Bay. 

These da t a  indicate that  seasonal variation in species composition 
was similar to normal expectations for the Tampa Bay region.
Temperatures in Hillsborough Bay due to the heated discharge 
did not  appear to be a factor affecting t h e  fish community. 

~I Considering the relative abundance and seasonal variations in spe
cies composition, the thermal discharges from Big Bend Station 
do not appear to interfere with the  spawning of fish and shellfish 
in the Hillsborough-Tampa Bay area.~I 

I 
The benthic regions off-shore of Apollo Beach and the Big Bend 
industrial s i te  presently feature a sandy substrate of low organic 
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content, mixed with moderate to low amounts of silt and clay. The 
shoreline can be viewed as relatively high-energy beaches with 
depths quickly grading to a norm of 9-12 f e e t  (2.7-3.7 meters).
Seagrass is not now characteris tic of the benthic environment and 
the only remnants of the shallow mangrove areas prevalent prior 
to  the filling of Apollo Beach and the Big Bend industrial s i t e  are 
found in some areas of the northern embaymen t behind Apollo Beach. 

Thermal impacts on the community of benthic organisms were inten
sively investigated at stations within and outside the  thermal plume. 
Approximately 250 acres (101 ha), generally within one-half mile 
(0.8 km) of the point of discharge, are subject to slight to moder
ate impacts from the thermal discharge. Compared to non-thermal 
stations, stations in this area showed a marked reduction in species 
diversity and abundance. In addition, start-up of Unit 3 in May
1976 appeared to add to the  stress condition and to cause changes 
in t h e  benthic community such as reduced species diversity and 
abundance. Outside of the area within one-half mile of t he  place
of discharge (POD), t h e  benthic community appeared unaffected 
by increased temperature. Plume data indicated that  because of 
thermal stratification much of the benthic community was spared 
exposure to excessive temperatures. In areas outside the one-half 
mile radius, indices of species diversity and abundance indicate 
little discernible effects  of temperature. Sediment quality appeared 
as the  primary factor affecting t h e  distribution of macroinvertebrates. 

With few exceptions, benthic data  indicate that  both the northern 
and southern embayments a r e  moderately stressed in selected areas 
by reasons not directly attributable to thermal discharges. Both 
embayments tend to feature  a benthic community more indicative 
of dead-end waterways. Thermal perturbations appeared in a shallow 
area in close proximity to t h e  plant. Presently, t he  benthic com
munity may be expressing effects  of solar radiation and possible
earlier thermal effects prior to modifications to the plant discharge. 
Considering results of other benthic studies in Tampa Bay, species
richness and abundance appeared comparable or greater for the 
Big Bend area. 

Severe thermal impacts from t h e  Big Bend Station discharge were 
limited to t h e  discharge canal, an a rea  of about 10 acres (4 ha).
The results of the benthic macroinvertebrate studies demonstrate 
t h e  canal was severely stressed by high temperatures. This is most 
clearly shown by the kinds and numbers of benthos present. Since 
these organisms generally feature  a lack of mobility and varied 
sensitivity to stresses, they are good indicators of long term envi
ronmental effects. The benthic communitv in t h e  canal features  
a number of thermally tolerant species, kcluding Nereis s u c c h e a  
among others; species which a r e  not thermally tolerant have largely
succuhbed and have been replaced. The present community exhibits 
a high species diversity, high equitability, low faunal density, and 
a small number each of a number of species, indicative of a "pio
neering" community in the discharge canal. Additional elevation 
of temperatures in the plume areas of Hillsborough Bay may be 
expected to result in an expansion of this "pioneering," thermally 
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tolerant community into other benthic areas incurring excessive 
temperatures. 

Based on this assessment of the thermal effects  from the operation of Units 1, 2, 
and 3 with dilution assistance, the U.S. Environmental Protection Agency (1980)
determined tha t  

. . . t h e  present thermal discharge from the Big Bend Station is 
not causing an unacceptable adverse impact in Hillsborough Bay.
Maintenance of heated discharge temperatures at, or below, present
levels will continue to provide for the  protection and propagation
of a balanced, indigenous population of shellfish, fish and wildlife 
in and on the  receiving body of water, Hillsborough Bay. Tampa
Electric Company's 316 (a) Demonstration is, therefore, accepted
for the  existing facilities at the  Big Bend Station. Modifications 
to the  discharge structures implemented prior to startup of Unit 3 
have succeeded in minimizing adverse thermal impacts in t he  north
ern embayment and this area is no longer subject to unacceptable
thermal impacts. 

The U.S. Environmental Protection Agency (1980) also determined, however, t h a t  

.. . t he  location and capacity of the cooling water intake struc
tures, including the dilution pump system, are the major factors 
causing an unacceptable level of entrainment and do not reflect  
the best technology available for minimizing adverse environmental 
impact. 

The Applicant responded to this determination with a proposal to terminate use of the 
dilution cooling system and to provide for studies to assess the biological and associ
a t e d  thermal consequences of such action. 

Retirement of the  dilution pump system would reduce the withdrawal capacity of the  
Big Bend facility by 36 percent and would theoretically e f f ec t  a proportional
reduction in the  level of entrainment. The EPA Regional Administrator viewed 
the  Applicant's proposal as a means to establish a new basis from which to reassess 
t h e  impact of entrainment on Hillsborough Bay. 

The EPA reviewed t h e  results of t he  Applican t-sponsored thermal and biological stud
ies (Mahadevan et al. 1980; Tampa Electric Company 1 9 8 0 ~ )and developed a Tentative 
Finding and Determination (U.S. Environmental Protection Agency 198la), which are 
provided below. 

The Big Bend Station operates three fossil fueled generating units 
with a combined rated capacity of approximately 1336 megawatts
(gross). However, due to design deficiencies, the units in 1979 
were limited to a combined rated capacity of approximately
1105 MW (hourly gross). 

Based on plant design information, operation of Units 1, 2 and 3 
at the reduced operating capacity of 1105 M W  should produce a 
condenser flow with a maximum temperature rise of 7.7OC (13.90F).
When dilution and condenser cooling flows a r e  combined, a normal 
design maximum temperature rise of 5.IOC (9.10F) would be expected 



--- 

at the point of discharge. However, as shown by temperature records, 
temperature rises above these values do occur. For example, an 
average temperature rise of 7.2OC (13.0°F) was attained at the 
point of discharge during the months of July and August 1980. Also,
maximum daily temperatures of 9.5OC (17.0oF) were frequently ob
served. During the July-August period, t h e  average capacity factor 
fo r  Units 1, 2 and 3 was 66 percent of the reduced maximum base 
load and 1105 M W  or 55 percent of the facility's maximum design
capacity of 1336 MW. 

For 1979, the daily operating load for Units 1, 2 and 3 averaged 
639 MW (48 percent of the maximum rated capacity). The maximum 
susTairred--station load for a 24-hour period was reported at 1074 
MW. In the foreseeable future, plant modification could provide
for a station capacity of 1275 MW with instantaneous peaks of 1336 
MW, the  design capacity of the facility. From 1976 t o  1980, plant
modifications have resulted in an increase in generating capacity
of 1092 to 1130 M W  for Units 1, 2 and 3. 

From May through December 1979, TECO conducted an EPA approved
biological study in the area of Hillsborough Bay receiving heated 
discharges from the Big Bend facility. The objective of the 8-month 
study was to evaluate changes in the benthic macroinvertebrate 
community relative to increased discharge temperatures caused 
by cessation of the dilution assist cooling system. Shut-down of 
t h e  dilution assist cooling system occurred August 3, 1979. 

Intake temperatures of the Big Bend facility were considered repre
sentative of ambient conditions. During 1979, reported daily
intake temperatures peaked during the months of July and August when 
water  temperatures ranged from 29.4OC (85.0OF) to  32.2OC (90.O0F) 
and yielded a n  average of 30.5OC (86.90F) for the 2 months. Corre
spondingly, water temperatures at the point of discharge ranged
from 32.8OC (91 .O°F) to 47.2OC (1 17.0°F) with an average of 37.6OC 
(99.70F). 

During the course of the benthic macroinvertebrate investigation,
t h e  monitoring of plume configuration under field conditions was 
not required. Instead, results of thermal modeling efforts conducted 
by the  company provided a comparison of average plume conditions 
relative to temperatures attributable to operation of the dilution 
assist cooling system. With Units 1, 2 and 3 at 64 percent
of maximum rated capacity, the following table illustrates the 
expected surface dimension of the plume with and without operation
of the dilution pump. 

I 
I 
I 
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Area Hectares (Acres)
Isotherm With Without 

(ATOC) Dilution Pump Dilution Pump 

769 ( 1900) 923 (2280) 
340 (840) 437 (1080) 
109 (269) 219 (541)
42 (104) 109 (269) 

5 (12) 55 (136) 
4 (10) 31 (77) 

no data  19 (47) 
no data  11 (27) 
no da ta  6 (15) 

Because the average station load during 1979 was only 48 percent
of the maximum rated capacity of the facility, the ac tua l  a rea l  
ex ten t  of the plume configuration should be less than projected
by modeling results at 64 percent plant capacity. 

Based upon results of the thermal modeling studies reported by
TECO, heated effluent from the  Big Bend Station will provide for 
a thermally stratified water column in Hillsborough Bay. At a 
distance of 300 m (328 yd) and 360 m (394 yd) seaward of the point 
of discharge, the  plume is expected to detach from the  bottom 
when Units 1, 2 and 3 a re  operated without dilution and at 64 and 
100 percent of the rated capacity, respectively. The bottom a rea  
in direct contact  with the plume would be approximately 5ha (12.4a) 
to  7ha (17.3a). 

Compared to results of a 1976 investigation reported in a previously . 
submitted 316(a) demonstration of the Big Bend facility, a general
decline in the  quality of the  benthic macroinvertebrate community 
has occurred. However this decline, measured in te rms  of decreases 
in animal abundance and species diversity, appeared as an  areawide 
trend in the Tampa-Hillsborough Bay and was not limited to the 
thermally affected region associated with the  Big Bend facility. 

Adverse impacts related to elevated temperatures following the 
shut-down of the  dilution pump system appeared concentrated in 
an  a rea  adjacent to the  facility's point of discharge. A measured 
decrease in faunal density and species richness was observed in 
the  benthic animal community inhabiting approximately a 7ha (17a) 
a rea  adjacent to the point of discharge. A preponderance of oppor
tunistic and pollution tolerant species characterized the variety
of benthic animals inhabitating the thermally stressed area. At 
the  t ime of benthic sampling, the area  of impact featured bottom 
temperatures which ranged from a high of about 34.0OC (93.20F)
in August to a low 23.00C (73.40F) in December. This area of impact
represented approximately a 43 percent expansion of the thermally , 

stressed environment previously limited to the station's discharge
canal. The total a rea  of benthic habi ta t  subject to severe thermal 
stress, with shut-down of the dilution pump systems, measures about 
23ha (57a). 
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Beyond the zone of primary impact, short-term adverse faunal effects  
were observed, but cannot be clearly related to water temperatures
associated with the  shut-down of t h e  dilution pump system or operation
of the  Big Bend facility. Natural cyclic variations in the benthic 
animal community and areawide perturbations, such as siltation 
effects  from the  Bay deepening project, could also serve to explain
t h e  apparent trends in the quality of the benthic biota. 

The benthic a rea  adjacent to  the point of discharge and subject 
to a persistent thermal impact is generally encompassed by the 
bottom contact boundaries of the plume as predicted by hydrographic
modeling. The projected boundaries assumed no dilution and operation
of Units 1, 2 and 3 at 64 and 100 percent of t he  design capacity
of the  units. However, actual plant operation was only 55 percent
of maximum capacity for the  period of July and August when peak 
ambient temperatures occurred. In 1979 the operation of Units 
1 , 2  and 3 averaged 48 percent of design capacity. 

The biological studies showed t h a t  the a rea  of adverse environ
mental impact exceeded the bottom area in contact  with the  pro
jected plume. Thus, t he  dimensions of the plume projected by the 
hydrographic model cannot be utilized with confidence to predict 

. t h e  area of adverse thermal impact resulting from increased genera
tion capacity. In view of this discrepancy, a linear extrapolation,
which may overestimate perhaps to worst case situations, has been 
utilized to  describe the potential area of adverse thermal impact
expected to result from the  combined effects of increased genera
tive capacity and retirement of the dilution assist pumps. Based 
on a linear extrapolation, actual operation of Units 1, 2 and 3 at 
100 percent capacity would double the a rea  presently determined 
to be adversely affected by severe thermal stress. 

Operation of Units 1, 2 and 3 at the currently established load 
regimen and without t h e  benefit of a dilution assisted cooling 
system causes adverse impacts in approximately 23ha (57a) of 
benthic habitat, which includes t h e  discharge canal. Further 
plant modification will provide for increases in t h e  maximum load 
capability of Units 1, 2 and 3 and consequent increases in discharge 
temperatures. Such temperature increases will necessarily expand
the  boundaries of the  current zone of thermal impact. Assuming 
t h a t  Units 1, 2 and 3 attain 95 percent of their design capacity,
approximately 46ha (114a) of Hillsborough Bay, including the discharge 
canal, 16ha (40a), is expected to suffer adverse impacts. The 46ha 
(114a) a rea  predicted by linear extrapolation, while providing living 
space for many benthic macroinvertebrates, is nevertheless a sandy,
tidal swept, high energy environment which is essentially devoid 
of seagrass habitat and other highly valued habitat-forming communi
ties, Le., hard-bottom or coral. 

From this evaluation, t h e  EPA made the following determinations: 

1. 	 The proposal to reduce the  withdrawal capacity of the Big Bend 
facility by retiring the dilution pump system provides a new 

6-54 



I 


I 

I 

I 

I 
t 
I 
I 
I 
I 
1 
1 
I 
I 
I 
1 
I 
li 
I 


basis upon which to reassess the impact on Hillsborough Bay 
of entrainment to t h e  station. 

2. 	 The Tampa Electric Company conducted studies adequate to 
demonstrate biological effects  of elevated discharge tempera
tures resulting from cessation of t h e  dilution assisted cooling 
system for Units 1, 2 and 3. The study was initiated in May
1979 and continued through December 1979. The dilution pump 
system was shut-down on August 3, 1979. The 8-month period
of study included the  t ime during which maximum ambient 
temperatures would occur in Hillsborough Bay. 

3. 	 Elevated discharge temperatures resulting from cessation of 
the  dilution pump system caused a discernible thermal impact 
on the benthic invertebrate community of Hillsborough Bay. 
The zone of adverse impact measured approximately 7ha (17a)
beyond the POD and represented about a 43 percent expansion 
of t h e  thermally stressed region previously restricted to the  
discharge canal. 

4. 	 The entrainment level at the cooling water intake structure 
has been reduced to an acceptable level for the purposes of ~ 

Section 316(b) of the  Act. 

5. 	 The expected increase in the area of adverse environmental 
impact due to the thermal discharge from Big Bend Units 1
3 will not cause an unacceptable impact in Hillsborough Bay.
The company's 316(a) demonstration is, therefore, accepted
for the  existing facilities. 

After  reviewing the Applicant's Section 316 Demonstration for the proposed Unit 4 
(Tampa Electric Company 1980c), which was based on studies conducted at Big Bend 
made the  following assessment of the thermal effects  of t h e  combined operation of 
Units 1, 2, 3, and 4 without dilution assistance: 

Addition of Unit 4 will bring the  maximum capacity of the  Big Bend 
Station to a nominal 1782 MW (gross). Operation of Unit 4 is expected 
to average 64 percent of its maximum design capability of 445 M W  
(gross). 

The proposed method for condenser cooling for Unit 4 is once-through
which is the  current cooling design for Units 1 through 3. Cooling 
water  withdrawal is via a 25 foot  deep intake canal connecting to 
a 35 foot deep ship channel leading to Hillsborough Bay. Rate  of 
withdrawal is 537 cfs for each unit which effects a combined cooling 
water  requirement of 2148 cfs. Based on design information, bay 
water  as it is circulated through the condensers will experience 
a temperature rise of 9,3OC (16.80F). Based on current thermal 
records temperature rises frequently exceed these values. 

With the addition of Unit 4 to t h e  Big Bend Station, the current 
heat  load to Hillsborough Bay is expected to increase by approxi
mately 33 percent. Although temperature rises at the point of 
discharge will remain unchanged, the added thermal load to the 



I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

I 

c
F 

ik 


bay will provide for an enlargement of benthic area presently sub
ject to adverse effects. Based on a linear extrapolation, the oper
ation of Units I through 4 without dilution assist cooling could 
potentially provide for an adverse impact to approximately 61ha 
(152a) of bay bottoms. 

The operation of Units 1 through 4 without a dilution assist cooling 
system will potentially cause an adverse thermal impact to approxi
mately 61ha (152a) of benthic habitat. The thermal impact, however, 
would not be  viewed as substantial o r  unacceptable in terms of thermal 
damage to the benthic biota of Hillsborough Bay, because of the 
sandy, tidal swept nature of the benthic area subject to t h e  impact
and the fact tha t  i t  does not represent primary benthic habitat  which 
includes seagrass and other habitat forming community. 

On the  basis of this assessment, t h e  EPA determined that: 

1. 	 The operation of Units 1 through 4 without a dilution assist 
cooling system will potentially cause an adverse thermal impact 
to approximately 61ha (152a) of benthic habitat. The thermal 
impact, however, would not be viewed as substantial o r  unacceptable 
in terms of thermal damage to the benthic biota of Hillsborough
Bay, because of the sandy, tidal swept nature of the benthic 
a r e a  subject to the impact and the fact t h a t  it does not  represent
primary benthic habitat  which includes seagrass and other habitat 
forming community. 

2. 	 The expected increase in the area of adverse environmental 
impact due to the thermal discharge from Big Bend Units 1-4 
will not cause an unacceptable impact in Hillsborough Bay.
The company's 316(a) demonstration is, therefore, accepted. 

6.3.3.3.2 Intake Effects 

The intake of cooling water into powerplant condenser systems can produce ecoiog
ical impacts from (1) the impingement of large aquatic organisms on the intake 
screening system used to prevent fouling of the plant condenser tubes and (2 )  the 
entrainment of aquatic organisms, smaller than the mesh of t h e  screening system,
within the plant cooling system. 

6.3.3.3.2.1 Impingement 

The assessment of impingement impacts at Big Bend is based on the results of studies 
conducted in 1976-1977 (Peekstok et al. 1977; Tampa Electric Company 1977) and 1979
1980 (Comp 1980; Robinson 1980; Tampa Electric Company 1 9 8 0 ~ )as part  of the 
Section 316(a) and (b) Demonstrations for  Units 1, 2, and 3 and the  proposed Unit 4, 
respectively. 
During the first  study, the traveling screens of either Unit 1 or 2 were sampled for 
24  hours at approximately 2-week intervals from January 1976 to March 1977. Sixty
species of fish were taken in the impingement collections during the 15-month study
period (Table 5-106). Six species accounted for 86 percent of the total number 
of individuals impinged: Anchoa mitchilli (bay anchovy, 39 percent), Bairdiella 
chrysoura (silver perch, 32 p e r c e n i o d o n  rhomboides (pinfish, 5 percent), 
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C noscion arenarius (sand seatrout, 4 percent), Prionotus scitulus (leopard searobin, 
3 percent ,y__7 and Chloroscombrus chrysurus (Atlantic bumper, 3 percent). Fish 
impingement rates were greatest  from July to September 1976 and from January 
t o  March 1977. The species that dominated the  impingement catch during these 
periods were E. chrysoura (July-September) and A. mitchfili (January-March).- These 
species were also the  fishes most commonly impinged throughout the 15-month study. 

The seasonal absndance (by quarter) of total  fishes as well as tha t  of the  dominant 
taxa impinged during 1976-1977 a re  presented in Table 6-33. Also included a re  the 
mean daily impingement rates calculated for each quarter from the  results of sam
pling every 2 weeks during that quarter. Size-frequency da ta  for  impinged indi
viduals of the  dominant fish taxa a r e  presented in Figures 6-37 through 6-40. From 
the  mean daily impingement rates and the  total number of operating days for each 
of the  three  generating units at Big Bend, es t imates  were made of impingement
levels tha t  occurred during each quarter: of the  study period (Table 6-34). These 
levels were then added to yield the  total  estimated annual impingement (January-
December 1976 and April 1976-March 1977) occurring at the  Big Bend Power Station 
during the  study. 

Twenty-seven macroinvertebrate species were taken in the  biweekly impingement
collections made at Big Bend in 1976-1977 (Table 5-81). Six species accounted for 
87 percent of t he  total number of invertebrates collected during the  15-month study:
Penaeus duorarum (pink shrimp, 39 percent), Callinectes sa idus (blue crab, 
13 p e r c e n i l u s  polyphemus (horseshoe crab, 13 percen8*tunus gibbesii
(9 percent), Lolli uncula brevis (brief squid, 7 percent), and Squilla em usa 
(mantis shrimp,__g__)- Macroinvertebrate impingement rates (Tables 6-33 an6 percent . --% 
6-34) were greatest  during winter (January-March 1976 and 1977) and summer (July-
September 1976). The impingement of P. duorarum and L. brevis was greatest  during
the  summer, while C. sapidus, L. polyphemus, P. gibbesii, and S .  empusa were impinged
in greatest  numbers during the  winter. Size-Trequency d a t a 3 o r  impinged individuals 
of the dominant taxa a r e  presented in Figures 6-41 through 6-46. With the  exception
of L.- -9brevis t he  dominant invertebrate taxa had high survival r a t e s  a f t e r  impingement 
on t h e  traveling screens. 

Af te r  reviewing the Section 316(b) Demonstration for Big Bend Units 1, 2, and 3, 
which was based on the studies conducted during 1976-1977, t he  U.S. Environmental 
Protection Agency (1980) determined tha t  "the reported level of impingement does 
not appear to be a factor  causing a substantial impact to the  fisheries of Hillsborough
Bay." The EPA fur ther  determined that "designing and constructing the  cooling water 
intake structures for  Units 1, 2, and 3 at the Big Bend Station without provision for 
returning viable fish and shellfish impinged on the intake screens to the environment 
may not reflect  the best  technology available for minimizing adverse environmental 
impacts" and tha t  "evaluation of mechanisms to return impinged organisms in a viable 
condition should be undertaken.I' , 

As pa r t  of the  Section 316(a) and (b) Demonstrations to assess the potential impacts 
of t h e  proposed Unit 4, an  impingement study was conducted at Big Bend from March 
1979 to February 1980. All organisms impinged on the traveling screens of one of 
the three operating units during one 24-hour period were collected once every
2 weeks for the I-year study period. While all impin ed organisms were identified-',
and counted, more detailed analyses were condupe35on t Xm?=s@yct"representative :, 
important species" (RIS) taken in the collections (Table 5 - 5 5 1 , ~  detailed impact i 

i Iassessment was reported only for these taxa. 'L -..i ' 
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A total of 3,100 fish representing 52 species and 4,576 macroinvertebrates repre-'
senting 20 species were taken in the 552 hours of impingement collections made 
during the 1-year study. The n u m b e r a  RE fish and invertebrate taxa impinged ( 
during .each 24-hour collection period from March 1979-February 1980 a re  presented 

_--in Table-6-35. The numbers predicted to be impinged annually at Big-Bend with con
tinuous three- and four-unit operation, based on the data  collected during 1979-1980, i/ 
a r e  presented in Table 6-36. The predicted monthly impingement rates for RIS 
taxa with continuous four-=it operation a r e  presented in Table 6-37. / 

I Bay anchovies were impinged in low numbers during every month except July; how
ever, the  largest number (64 percent) were impinged from November to January, t he  
period when large numbers were also taken in trawl collections made in the intake 
canal (Section 5.3.4.5). Individuals impinged during the study period ranged in size 
from 32 to 68 millimeters (standard length) with a mean length of 50 millimeters. 
The wet  weights of impinged individuals ranged from 0.3 to 4.1 grams and averaged 
1.5 grams over the  year. 

I 
I 
I 

Of the R E  fish and invertebrate taxa impinged during 1979-1980, silver perch ranked 
second in abundance. While individuals of this species occurred in most of the 24
hour impingement collections, t he  largest number (7 1 percent), mostly juveniles, 
were impinged from May to July; this was the  period when large numbers were also 
noted in trawl collections. Impinged individuals ranged from 34 to 138 millimeters 
(standard length) in size and from 0.9 to 65.2 grams in weight; mean values for  t he  
study year were 53 millimeters and 3.4 grams.I 

I During 1979-1980, pink shrimp were impinged in greater  numbers than any other fish 
o r  invertebrate taxon ( R E  o r  non-RE) at Big Bend. Individuals of this species were 
found in all 24-hour impingement collections made during the study year but were 
impinged in greatest  numbers from summer through late fall, generally corresponding 
to the period when pink shrimp were most abundant in trawl collections made in 
the  Big Bend area. Impinged individuals ranged from 33 to 152 millimeters in total  
length and 0.5 to 35.5 grams in weight; mean values were 64 millimeters (total  length)
and 2.8 grams, indicating that primarily juveniles were impinged during the study 
year. 

I 
I 
I Blue crabs were found in the  impingement collections during all months of sampling

but generally occurred in low numbers. Their impingement was greatest  during
January and February sampling, when 69 percent of all those taken in the  1-year study 
were  collected. Impinged individuals ranged from 12 to 176 millimeters in carapace
width and from 0.1 to 242.7 grams in weight; mean values were 48 millimeters and 
17.6 grams, indicating tha t  mostly juveniles were impinged.I 

I The remainder of the  select RIS fish and invertebrate taxa were found only rarely
(scaled sardine, spotted seatrout, black drum, s tone crab) or not at all (tidewater
silverside) in the  impingement collections made at Big Bend during 1979-1980. 

I A total of 2,479 non-RE fishes representing 47 species were found in impin ement  
collections made during 552 sampling hours of the I-year study (Table 5-1077. The 
five most abundant taxa were sand seatrout (C noscion arenarius 1,180 individuals),
Atlantic bum e r  (Chloroxombrus ch surus 2 b i s b ristis ch so tera, 
1451, pinfish PLagodon rhomboides, +- 4I 133 ,  an Gulf toadfish '0 a n u s  , eta,b1 d 
seatrout occurred in impingement collections during most of t e study year but were 
most abundant from September to November, when individuals were predominantly
young-of-the-year, probably the  result of a spring-summer spawn. This species wasI 
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also the most abundant non-RIS fish collected by trawl during the 1979-1980 studies 
at  Big Bend, occurring in relatively high abundance in the intake canal. Atlantic 
bumper comprised only a small portion of the impingement catch during the study
until the  two collections made in October, when 211 individuals, mostly young-of
the-year, were taken. Pigfish were found in the collections from April through
August, with the largest numbers occurring during June and July. Pinfish were pres
e n t  in the collections sporadically throughout t he  study year; the largest numbers 
(64 percent) were observed from late April through May. Gulf toadfish were collected 
in low numbers throughout most of the study period. 

A total of 2,627 non-RIS macroinvertebrates representing 17 species occurred in 
impingement' collections made at Big Bend during 1979-1 980 (Table 5-84). The horse
shoe crab was the most commonly collected species, with 1;533 individuals impinged.
T h e  portunid crab, Portunus gibbesii, accounted for 17 percent of impinged non-RIS 
invertebrates, while the xan thid crabs (Hexapanopeus angustifrons, Hexapanopeus 
sp., Neo ano e texana, Eurypanopeus depressus, Panopeus herbstii, and an uniden
tified+species comprised approximately 9 percent of the total number of non-RIS 
invertebrates collected. 

After  reviewing the Section 316(b) Demonstration for Big Bend Unit 4, which was 
based on the studies conducted during 1979-1980, t he  U.S. Environmental Protection 
Agency (1981b) determined that: 

1. 	 The addition of Unit 4 (with conventional once-through cooling) 
to  the Big Bend Station will potentially increase the current  
impingement effects of Units 1 through 3 by approximately
33 percent. 

2. 	 Based on the results of the Fine-Mesh Screening Prototype
Studies, sufficient information was provided to determine that  
t h e  fine-mesh screening of in take structures is a viable technology
tha t  will minimize entrainment effects. Furthermore, t h e  
installation of fine-mesh screens on Big Bend Units 3 and 4 
will provide for entrainment effects  approximately equal to 
the  current impacts associated with the operation of Units 
1, 2 and 3 with conventional intake technology. The design
modification effected by the addition of fine-mesh screens 
at the cooling water intake for Units 3 and 4 minimizes adverse 
environmental impact for the purposes of Section 316(b) of the 
Act. 

An additional benefit of using the fine-mesh screening system on the intakes of 
Units 3 and 4 is the expected reduction in impingement resulting from a lower screen-
f a c e  velocity (0.5 fps approach velocity) than that  of conventional screens (1.45 fps).
Furthermore, all organisms impinged on the fine-mesh screens will be automatically
washed from the screens and returned to Tampa Bay via the organism-return system
(Sections 6.3.3.3.2.3 and 6.3.3.3.2.4). 

6.3.3.3.2.2 En trainrnent 

The entrainment of meroplank tonic organisms within the cooling-water systems of the 
Big Bend Station was evaluated in the Section 316(a) and (b) Demonstration studies 
conducted during 1976-1977 (Phillips e t  al. 1977; Blanchet et al. 1977; Tampa Electric 
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I Company 1977) and 1979-1980 (Phillips et al. 1980a,b; Robinson 1980, 1981; Tampa 

Electric Company 1 9 8 0 ~ ;Section 5.3.4.3). 

I 
The entrainment of meroplank ton organisms within both the  condenser cooling system 
and the  dilution pumping system was evaluated from January 1976 to March 1977. 
The ra tes  of entrainment in the condenser systems of Units I ,  2, and 3 were cal
culated from cooling-water pumping rates and meroplank ton abundance estimates.< 
The meroplankton estimates were based on organism concentrations in samples 
collected a t  approximately 2-week intervals directly within the condenser effluent 
of an operating unit (Station 1-1 or 1-13; Figure 5-22).at the _siteof discharge to t 
discharge canal. .---.-

I 
I M erop lank ton abu n d a n c e . . i n f h a . . ~ ~ ~ ~ - ~ ~ g ~ . " ~ ~ p ~ . ~ ~ - ~ ~ ~ - ~ ~ ~  

I_a more reliable~_me.~~r.~.,-~-the of organisms___,_.._? passing ?.~___ -,,,, _)-____~.- ~ .,.,".-- -".,---...quantity"?._--..~--,-.~I_.,---..._,~--,~" ._.-..-_,;, t he  condenser 
sy~ ..-̂ .tem '' ~ ~ a r ~ ~ , n 5 ~ e s . , i n .that-,.w. ro.utinely __.i,__ .---.*---cooling..--- -.4--..2 than. . . ~ ~ . ~ ~ , . .  ..sa~~p,i.es-

-?-*,Y--_rRn collecte
in the  UItake canal~,(S,tatis.s)._I:_6.r~"duri,~g,..tba ples were obtaine 

.~ " - ~ - ~ ~ ~i___ ...,~-.-~,'-. s ._.-,_.
by towlng the  plankton nets obliquely through the  water column in front of an oper-

II ating unit. 

The number of meroplank ton organisms passing through t h e  dilution pumping system,b and subsequently entrained in the condenser effluent water in the discharge canal,
I was calculated from organism densities in samples collected approximately biweekly 

at dilution-pump intake and discharge locations (Stations 0-8 and 1-16]. Samples 
were collected a t  these stations by making plankton tows obliquely through the 

Ic 	 water  column; the density data  used in the entrainment calculations were averaged 
fo r  t he  two stations.

I -
The plant operational schedule that was followed during the  study period is presented
in Table 6-38. When a generating unit was operational, a constant cooling-system
pumping volume of 15.2 m3/s (537 cfs) was assumed; a constant dilution pumping 
r a t e  of 25.2 m3/s (890 cfs) was assumed when tha t  system was operational.II 

I 
Estimates of t he  number of meroplankton organisms entrained within the cooling-
water  systems of Big Bend Units 1, 2, and 3 during 1976-1977 are presented in Tables 
6-39 and 6-40. The investigators noted tha t  these represent the best possible esti
mates  from the  da ta  collected, but were undoubtedly influenced by the  high sampling
variability and state-of -the-art species-identif ication problems that a re  inherent 
in studies of this type.i 
The seasonal ra tes  at which planktonic organisms a r e  entrained depend on the  cooling-
system pumping rates, which a re  dependent on the operating status of the  various 
generating units, as well as on the  seasonal distribution and abundance of t he  orga
nisms in the vicinity of the  plant intakes. Operational da ta  for the condenser-system
circulating pumps and the  dilution-system pump at Big Bend during the  study period 
a r e  in Table 6-38. During the  I-year period from January to December 1976, t he  
condenser-system circulating pumps were operational at 66 percent of capacity
(724 of 1,098 generating-unit days). The dilution pumping system was operational a t  
70 percent capacity (258 of 366 pump-unit days) during this period. Pumping was  below 
the maximum three-unit capacity during this period because the newly constructed 
Unit  3 did not become operational until May and because of the periodic Itoutagel1of 
each of the three units throughout the year. The annual entrainment of fish eggs and 
larvae during 1976 amounted to 8.6 x 1010 and 2.6 x 1010 individuals, respectively,
within the condenser cooling system and 1.0 x 10l1 and 1.3 x 1010 individuals, respec
tively, within the  dilution pumping system. 
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During the I-year period from April 1976 to March 1977, the condenser-cooling 
system and the dilution system were operated at 77 and 86 percent, respectively, 
of capacity (847 of 1,095 generating-unit days and 313 of 365 pump-unit days).
The entrainment of ichthyoplankton during this period amounted to 9.9 x 1010 and 
2.7 x 1Olo eggs and larvae, respectively, within the condenser cooling system and 
8.9 x IOJo and 1.1 x 1O1O eggs and larvae, respectively, within the dilution pump
ing system. 

Fish eggs were entrained within the plant cooling systems during all months except 
January, while larvae were entrained during every month of the 15-month study.
The entrainment of fish eggs within the cooling systems was greatest  from March 
through July; the entrainment of fish larvae was greatest  from March to October. 

Tables 6-41 and 6-42 presented data  on the relative annual entrainment of ichthyo
plankton organisms, grouped by family, t h a t  occurred within the plant condenser 
and dilution cooling systems during 1976, as summarized by the U.S. Environmental 
Protection Agency (1980) from data reported by Phillips et al. (1977). The 
families Engraulidae and Sciaenidae accounted for, respectively, 99 and 90 percent 
of all eggs and larvae entrained during the 1-year period. In the assessments of 
entrainment impact during 1976-1977 (Phillips et al. 19771, emphasis was placed 
on the following taxa: the bay anchovy (Anchoa mitchilli), which was the dominant 
fish species taken in ichthyoplankton collections at Big Bend and is an important
forage taxon; members of the drum family (Sciaenidae), which include species of 
commercial and sport value in the Tampa Bay a rea  and, along with the engraulids, 
numerically dominated ichthyoplankton catches at Big Bend; and the scaled sardine 
(Harengula jaguana), a species of potential commercial value as a bait fish in the 
area. Estimates of the monthly entrainment of these taxa at Big Bend, based on 
results of the 1976-1977 studies, a r e  presented in Tables 6-43, 6-44, and 6-45, 
respectively. 

Eggs of the bay anchovy accounted for 34 and 29 percent of the to ta l  annual entrain
ment of fish eggs within the condenser cooling system and the dilution pumping 
system, respectively, during 1976; larvae accounted for 88 and 84 percent of the total 
annual entrainment in the respective cooling systems. One or both planktonic life 
stages were entrained within one or the other cooling system during all months except
January and December 1976 and January 1977. The highest numbers of eggs were 
entrained from April through July; the highest numbers of larvae were entrained 
from April through October. These months correspond to the periods when these 
developmental stages are most abundant in the  Big Bend area. 

The eggs of various Sciaenidae comprised 65 and 69 percent of the to ta l  annual fish 
eggs entrained within the condenser cooling and dilution pumping systems, respec
tively; larvae accounted for 2 and 5 percent of the to ta l  entrainment through the 
respective systems during the year. Entrainment values were calculated for sciaenids 
tentatively identified to the genus or species level, but, because the early planktonic 
stages of this family present identification problems, the assessment of impacts was 
considered most reliable by considering the combined number of family members as a 
whole. Sciaenid eggs were entrained within the  plant cooling systems during all  
months except January 1976. Larvae were entrained every month except January,
February, November, and December 1976. The entrainment of both eggs and larvae 
was highest from March through September. 

The scaled sardine accounted for 0.7 and 0.1 percent of the total  entrainment of 
fish eggs within the condenser cooling and dilution systems, respectively, at Big Bend 
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during 1976; larvae accounted for 0.1 and 0.4 percent of the total larvae entrained 
in the respective systems. The eggs and larvae of this species were entrained only 
during the  period from April to July. 

I The level of entrainment for invertebrate meroplankton at Big Bend was also esti
mated from collections made during 1976-1977 (Table 6-40). Of the invertebrate 
forms taken in the collections, only plank tonic stages of the decapod crustaceans 
were adequately sampled with the coarse mesh (363-micrometer) ne ts  used in the 
study. Therefore, entrainment es t imates  a r e  considered valid for only these forms.I 

I 
The annual entrainment of total invertebrate meroplank ton during 1976 amounted to 
5.4 x 10l1 individuals within the  condenser cooling system and 2.5 x 1011 individ
uals within the dilution pumping system (Table 6-40). During the 1-year period
from April 1976 to March 1977, t he  annual entrainment amounted to 5.5 x 1011 
and 2.1 x 1011 individuals in the  respective cooling systems. The entrainment of 
invertebrate meroplankton occurred during all months of the  study but was highest 
from April through October.I 

I The impact of invertebrate-meroplankton entrainment at Big Bend during 1976-1977 
was assessed by Blanchet et al. (1977). The assessment concentrated primarily on 
t h e  four most abundant taxa in the  collections and also on the s tone crab, a species
t h a t  is of commercial value in the  adult s tage  and was entrained in appreciable 
numbers at Big Bend.D 

1 
The pinnotherid crab Pinnixa sayana was the  most abundant larval invertebrate col
lected in the  vicinity of Big Bend during 1976-1977 and was also the  species that 
was entrained within the  plant cooling systems in greatest  numbers. This species
accounted for  43 and 32 percent, respectively, of the  invertebrate meroplank ton 
entrained during 1976. Seasonally, entrainment was highest from March to November 
(Table 6-46). The porcellanid crab Polyonyx pibbesi accounted for 20 and 40 percent, 
respectively, of condenser and dilution pump entrainment of larval invertebrates 
during 1976; entrainment was high from March to November (Table 6-47). The cal
lianassid shrimp Upogebia affinis accounted for 8 and 9 percent of condenser and 
dilution pump entrainment during 1976, entrainment being high from March to October 
(Table 6-48). The xanthid crab N e  ano e texana was entrained in grea tes t  numbers 
from August to October (Table 6-49 and accounted for  8 and 3 percent of t he  inverte-

I 
I +I brates  entrained in the  condenser and dilution pumping systems. The entrainment 

of Menippe mercenaria (stone crab) larvae accounted for  approximately 1 percent each 

I of the total invertebrates entrained in the  respective cooling systems at Big Bend 
during 1976; entrainment was greatest  from April to October (Table 6-50). 

I 
Other  taxa of commercial value in t h e  Tampa Bay a rea  were identified from the  
meroplank ton collections during 1976-1977. Only a relatively few individuals (24)
of Penaeus duorarum (pink shrimp) were identified from the  collections in the vicinity
of the power plant. Accordingly, few individuals were estimated to have been en
trained during the study period: from July to December, 6.9 x 106 postlarvae within 
the  condenser cooling system and 7.3 x lo5 within the dilution pumping system. A 
single damaged postlarva of a member of the family Penaeidae (probably Trachy
penaeus or Sicyonia sp.) was collected in a discharge sample during August. On 
the  basis of this single occurrence, 2.4 x 106 individuals were est imated to have 

I 
I been entrained at Big Bend during the  study period. A few zoeae identified as Cal-

I 
linectes sp. (blue crab?) were recorded from the  meroplankton collections. This spe
cies is also listed as having been entrained during August 1976 and February and 
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March 1977 for a total of 1.4 x IO7 individuals entrained during the study period, 
all within the  dilution pumping system. 

With Units 1, 2, and 3 operating, maximum cooling-water flows totaling 46 m3/s
(1,610 cfs) pass through the condenser cooling systems at Big Bend. Organisms
entrained within the cooling water a r e  then exposed in the condensers to increases 
in water temperature as great as 7.9OC (14.I0F) above ambient. Dilution-pump flow 
totals 25 m3/s (890 cfs), or 36 percent of total  combined plant cooling-water flows. 
The U.S. Environmental Protection Agency ( 1  980) determined that: 

In the absence of substantial information to the contrary, it is 
assumed that pump pressures, mechanical and physical friction in 
the pumps, and the 5.1OC (9.1°F) . . . thermal shock associated with 
mixing of the condenser flows, will produce a mortality rate of 100% 
of organisms entrained in the dilution system. 

After  evaluating the entrainment data collected during 1976-1 977, t he  EPA con
cluded that: 

Entrainment of eggs and larvae of fish and shellfish through the  cool
ing water intake structures including the  dilution pump system at 
t h e  Big Bend Station is of sufficient magnitude to cause unacceptable 
adverse environmental impact in Hillsborough Bay. 

The EPA further determined that: 

The location and capacity of the cooling water intake structures at 
the  Big Bend Station are the major factors causing this unacceptable
level of entrainment and do not reflect  the best  technology available 
f o r  minimizing adverse environmental impact. 

The Applicant responded to this determination with a proposal to terminate use 
of the  dilution-assist cooling system and to provide f o r  studies to assess the biological 
and associated thermal consequences of such action. 

R etiremen t of the dilution-pump system would reduce the withdrawal capacity of 
the Big Bend facility by 36 percent and would theoretically e f f ec t  a proportional
reduction in the level of entrainment. The EPA Regional Administrator viewed 
the Applicant's proposal as a means to establish a new basis on which to reassess 
the impact of entrainment on Hillsborough Bay. 

The EPA reviewed t h e  results of the Applicant-sponsored thermal and biological
studies (Mahadevan et al. 1980; Tampa Electric Company 1 9 8 0 ~ )and determined 
(U.S. Environmental Protection Agency 1981a) that: 

The reduction in capacity of the cooling-water intake effected by
elimination of the dilution-assist pumps potentially represents a 
36-percent reduction in entrainment losses. The entrainment level 
a t  the cooling-water intake structure has been reduced to an accept
able level for  the purposes of Section 316(b) of the A c t  (Federal
Water Pollution Control Act, 33 U.S.C. 1326). The expected increase 
in the area of adverse environmental impact due to the thermal 
discharge from Big Bend Units 1, 2, and 3 (without dilution assist
ance) will not cause an unacceptable impact in Hillsborough Bay. 
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The Applicant's 316(a) demonstration is, therefore, accepted for 
the existing facilities. 

, / -;... ICi , . ,  'j/ ', -('7-
Condenser entrainment was also evaluated from data  collected during the 1979-1 980 
Big Bend Aquatic Ecology Studies. These studies were conducted to gather informa
tion for preparation of the Sections 316(a) and (b) Demonstrations for Units l through 
4. The entrainment rates of a select group of RIS (Table 5-55) occurring with exist
ing Units 1, 2, and 3 were extrapolated to that  projected for four-unit operation. In 
contrast  to the 1976-1977 studies, es t imates  of the number of organisms _entrained 
in the plant cooling systems were based on meroplankton densities in samples collected-
biweekly with oblique plankton tows in the water column afintak@,Station A (Tables-iw

5-56 through 5-63 and 5-68 and 5-69). Collections were also routinely made within 
the discharge effluent of one of the operating units (Station B) by allowing t h e  nets  
to passively fish in the effluent current ( the method also used during sampling at this 
station during the 1976-1977 studies). However, observations made during sampling 
a t  this station cas t  doubt on the reliability of this sampling method. (Water turbulence 
and relatively low current velocities may have precluded accurate measurements of 
water  volume flow through the nets.) From these biweekly meroplankton-density esti
mates  and cooling-water flow rates, monthly rates of maximum potential entrainment 
were projected for  the combined operation of Units 1 through 4 at 100 percent flow-capacity (Table 6-5 1). 

After  evaluating the  Section 316b Demonstration fo r  Unit 4, which was based on stud
ies conducted during 1979-1980, t he  U.S. Environmental Protection Agency (1981b) 
determined t h a t  the Applicant's analyses fa i l  to demonstrate the adequacy of con
ventional once-through cooling to minimize entrainment impacts. The EPA further 
concluded that: 

All stages of most species of meroplankton a r e  a t t racted to and 
are concentrated in the intake canal. Such a phenomenon when 
accompanied by the increased intake (capacity) is indicative of 
a n  intake design which does not reflect best technology available 
t o  minimize adverse environmental impact. 

6.3.3.3.2.3 Fine-Mesh Screening Studies 

Because of the EPA's concern for the potential loss of organisms by entrainment 
in the  Unit 4 once-through condenser cooling system, the Applicant undertook to 
evaluate various techniques for excluding entrainable organisms. A review of avail
able intake techniques was conducted to evaluate the engineering reliability and 
appropriateness to the Big Bend s i te  as well as the biological effectiveness. These 
evaluations indicated that fine-mesh screening had the greatest potential fo r  effec
tive application at Big Bend. Accordingly, in prelimkary studies_ _conducted during 
the summer of 1979, a partial fine-mesh screen was added to an existing t r ave lhg  
screen at Big Bend Unit 1; also included was a flume study in which various tes t  
organisms were impinged on a fine-mesh screen panel over a range of impingement
velocities and durations. A detailed description of the facilities and methods 
employed and the results of the study have been presented by Tampa Electric Company
(1980~).  In summary, the survival r a t e s  observed in both test facilities were suf
f icien t to warrant proceeding with ~ ~ ~ t ~ ~using a~ e 
prototype traveling screen equipped with a ful'l-scSE fine-mesh screen, including
all features required for an in-service installation. A biological investigation with 
this prototype system was conducted fromAr&-~1st9&~. A detailed descrip
tion of the test facility, methods employed, and results of the prototype study a re  
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presented in another report (Tampa Electric Company 1980d). A summary of the 
study is provided below. 

The prototype test screen was situated on a platform located in t h e  intake canal of 
the Big Bend Power Station (Figures 6-47 through 6-50). The prototype screen was 
a dual-flow type and incorporated all of t he  features required f o r  fine screening.
Seals were incorporated between screen baskets and between the  baskets and the  
side frame to rztiimize t h e  passage of organisms through these areas. The screening
medium was 0.5-millimeter mesh made of woven-monof ilament polyester, and the  
42 screen baskets w e r e m e T - w y d e  and 2 f e e t  high. The screen could be operated 
a t  speeds of up to 28 fpm; three speeds of 7, 14, and 28 fpm were selected for study.
These speeds corresponded to maximum impingement durations of approximately 7, 
4, and 2 minutes, respectively. Waterflow through the  screen was supplied by an 
in-line pump (an adapted ship-bow thruster pump) located under t h e  test platform
and connected directly to t h e  screen via a transition section. 

Assorted pulleys allowed for  flow adjustments. During the study, pulleys were 
selected to achieve approach velocities of 0.5 and 1.0 fps. The preliminary flume 
studies indicated that  these impingement duration t imes and screen approach veloc
ities were optimal for t h e  survival of organisms. 

The t e s t  screen incorporated shallow lifting buckets on each 2-foot-wide screen 
basket, which retained approximately 1 inch of water. A low-pressure (10-psi) spray
header on the  ascending side of t he  screen removed organisms from the  screen-mesh 
surface and lifting buckets. A high-pressure (55-psi) spray header on the  descending
side of the screen removed any remaining debris into a separate trough. A screen-
wash pump with a strainer was located on the operating deck, which took suction 
from the filtered water (bow-thruster pump discharge). As each screen basket passed
the spray wash, organisms on the  mesh or in the lifting bucket were gently rinsed 
into a collection trough. Once in the trough, the organisms flowed by gravity into 
a primary collection tank, from which they were drained into a secondary collection 
chamber. This collection chamber also served as the  container in which the  organisms 
were transported to the laboratory for initial and latent (up to 96-hour) mortality 
determinations. 

In order to determine the IIII__-I--IxIIIIxsurvival of -organisms after impingement on, and removal-. - __1 

from, the prototype screen, screen samples were collected routinely throughout the 
study program. Tests were conducted with all combinations of screen travel speeds
of 7, 14, and 28 fpm and approach velocities of 0.5 and 1.0 fps. The procedures 
used in all tests were as follows: before sampling, the bow-thruster pump and screen 
were set at the desired operating point for  the specific test being conducted. The 
low-pressure spray wash was preset  at 10 psi and was then shut off until the sample 
was taken. Once the screen was in full operation and the movement of water and 
organisms through the  tes t  facility was in a steady state,  sampling was initiated 
by turning on the low-pressure spray, allowing the contents of a predetermined number 
of screen baskets to be rinsed into the collection trough, and then shutting off the 
spray. The number of baskets washed differed for each water-velocity and screen
travel-speed condition, so that  at each condition the total  volumes of water sampled
by the prototype screen were equivalent. The organisms washed into the collection 
trough were carried into a primary collection area that  contained a screened overflow 
(0.25-millimeter mesh). In this area, large debris (leaves, shells, ctenophores) could 
be removed as the a rea  drained. Once the water level reached t h e  bottom of the 
overflow screen, the sample was concentrated to the point where i t  could be drawn 
down into the secondary collection and transport chamber, where the sample was 
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further concentrated. The drawdown was slow and gentle to avoid stress from high
velocities and turbulence in the  drain line and container. Once the sample had been 
completely transferred, the container was sealed and transported to the land-based 
laboratory for studies of initial and la ten t  effects. 

In addition to screen-wash samples, control organisms were collected and held for 
comparison with the  latent mortality values experienced among organisms collected 
by the screen. Control organisms were collected from the intake canal by suspending 
a stationary plankton ne t  in the canal flow (velocity 5 0.4 fps) for approximately 
5 minutes. The ne t  was then gently washed and the  contents were transported to 
the  laboratory, where the sample was sorted for  t h e  life stages of a select group 
of meroplankton organisms. Individuals of each life stage were then held for 96 hours. 

During the study, emphasis was placed on obtaining survival da ta  for life stages of 
a select group of RIS (Table 5-55). However, while species identification was gen
erally possible in the screen-wash survival studies because of careful handling tech
niques, in most cases individual species did not occur frequently enough to permit 
a meaningful analysis of t he  data at the  species level. Therefore, it was generally 
necessary to combine species into higher taxonomic groupings. For example, the 
three  sciaenid RIS (black drum, silver perch, and spotted seatrout) were often com
bined into the  grouping llsciaenids.ll As such, the da t a  analyses were designed to 
include with these R E  all other sciaenids that occurred in each sample. 

On t h e  other hand, in some cases an RIS life s tage  always occurred in such abundance 
tha t  it could always be analyzed at the  species level. The eggs of the bay anchovy 
a r e  t h e  most notable example of such a life stage. Several RIS were never observed 
in screen-wash samples: pink shrimp, American oyster, and blue crab. 

Tables 6-52 through 6-55 present viability da ta  fo r  t he  various larval stages of the  
fish and macroinvertebrate taxa Impinged on the  prototype fine-mesh screening 
system at Big Bend during the  studT-griod-from-March to August 1980. E l u d e d  
a r e  data  on the  __ ~ -_ --__I_rates of--k i t i a l  survival, hatchability (of fish eggs), and latent 
survival after 48 and 96 hours under controlled laboratory conditrons. Also included 
in the tables a r e  viability data  on t h e  larval s tages  of these a, which were col
lected as control organisms for estimating the  ra tes  of mortality due not to screen 
impingement but to natural e f fec ts  and the  e f fec ts  of handling and holding in the  
laboratory. 

The viability of the larval organisms a f t e r  impingement on the  prototype fine-mesh 
screening system was found to vary with taxon and life stage. Of the  taxonomic 
categories studied, initial survival rates were highest for t he  larvae of decapod 
crustaceans; on t h e  average, more than 90 percent of these taxa survived. Fish 
larvae, as a group, suffered the  highest initial mortalities a f te r  impingement; in 
most cases, survival rates averaged less than 20 percent. The mean initial survival 
rates fo r  fish eggs ranged from 3 to 100 percent, depending on the  taxon. Since egg-
development t ime is generally less than the  96-hour holding period, the propor tion ; 
of impinged fish eggs that hatched during the  latent-mortality studies is a measurei 
of the viability of these eggs. The mean hatchability for t he  study period ranged
from 80 to 100 percent, depending on the  taxon. 

! 	
The proportion of organisms that were alive a f t e r  being held in the laboratory for 
48 and 96 hours was used as a measure of the  la ten t  e f fec ts  of screen impingement.
However, the investigators suggested tha t  the high mortality of many of the mero
plankton organisms held from 48 'to 96 hours under controlled conditions may limit 
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the  usefulness of the 96-hour survival rates. As with the  initial determinations, the 
latent-mortality rates of organisms impinged by the prototype screening sys tern 
were also taxon- and life-stage-specific, as was the relationship between the rates 
of survival at 48 and 96 hours. 

Viability data fo r  control organisms were, in many cases, limited by the small number 
of observations. However, these data  indicate that  natural mortality and mortal
ity due to laboratory-handling stresses a r e  contributing factors  in the mortalities 
observed among organisms impinged on the fine-mesh screens. Therefore, t he  esti
mates  of test mortality presented in Tables 6-52 through 6-55 should be  considered 
as the  cumulative effects of impingement, laboratory-handling stresses, and natural 
mortality . 
Statistical analyses were conducted to evaluate the effects of ambient water tem
perature, screen speed, and approach velocity on t h e  viability of impinged organisms. 
The results of these analyses are presented in Tables 6-56 and 6-57. The analyses
indicate that  these variables explain relatively little (R2 values ranged from 
0.01 to 0.56) of the  variability in survival rates of the meroplankton taxa studied. 
However, t he  variables that  were most often statistically significant (p I0.05) were 
water  temperature and approach velocity. Latent  mortality rates a f t e r  96 hours 
were highest for organisms impinged on t h e  screens during t h e  period of highest 
ambient water temperature (June-August). The data  also indicated t h a t  the influence 
of water  temperature was more apparent a f t e r  96 hours than a f t e r  48 hours. Mortal
ity was greater at an approach velocity of 1.0 fps  than at 0.5 fps. The investigators 
emphasized that, while both water temperature and approach velocity were, in sev
eral cases, significantly related to the mortality rates of organisms impinged on 
t h e  fine-mesh screens, these variables explained relatively little of the variability 
in t h e  rates. 

6.3.3.3.2.4 Supplemental Studies 

Spray-Wash Efficiency Study 

Since the  spray-wash system incorporated into the  prototype screen represents a new 
design, t h e  efficiency of the system in washing organisms into t h e  collection trough 
was investigated. I t  was not expected tha t  the system would be totally effective 
in removing organisms; however, it was expected tha t  quantitative and qualitative
data  would identify potential design changes that  would optimize system efficiency. 

Samples were collected in a screened collection box as the  water exited the debris 
trough on the  high-pressure spray-wash side of the screen while the low-pressure 
spray wash was in operation (Figure 6-50). In this way, the number of organisms
removed by the low-pressure spray could be  directly compared to the number carried 
over to the  high-pressure spray, and the  efficiency of the low-pressure spray wash 
could be calculated. I t  was expected tha t  the speed of the screen would influence 
cleaning efficiency, with efficiency expected to decrease as speed increased. There
fore, samples were taken at all three travel speeds (7, 14, and 28 fpm). Samples 
were also taken at both screen-approach velocities of 0.5 and 1.0 fps. 

Each sample was collected by washing down t h e  screened collection box and was then 
preserved for la te r  analysis. Laboratory analysis consisted of enumeration, iden
tification to lowest feasible taxonomic level, the determination of life stage, and 
size measurements (fish larvae only). Screen-efficiency samples could then be 
compared to a standard screen-wash sample taken at nearly the same time. 

6-67 



In order to conduct the data  analysis, i t  was necessary to combine identified taxa 
into groups because, in most cases, a single species, genus, or even family did not 
occur frequently enough to permit a meaningful analysis. The taxonomic level of 
each group was determined as the lowest level that would allow the inclusion of 
all  important taxa from both the  spray-wash efficiency samples and the  comparable
screen-wash samples. 

To determine the spray-wash efficiency for each taxonomic group, the numbers of 
organisms in the spray-wash and screen-wash samples were converted to numbers per 
cubic meter of water passing through the fine-mesh screen. Then, the percentage of 
organisms not removed by the  low-pressure spray-wash system was calculated. 

A total of 15 spray-washefficiency tests were conducted during the study program: 
10 tests in April, 3 tes t s  in June, and 2 tests in July. A listing of the  taxa recov
e red  and identified is given in Table 6-58. Anchoa mitchilli (eggs and larvae) was 
the  only species that  occurred frequently enough to be  analyzed at the species level. 
All other species occurred in relatively low abundance in both screen-wash and 
spray-wash samples. Accordingly, these species were combined in to larger taxonomic 
groupings. 

The  results of spray-wash efficiency testing are given in Table 6-59. Eggs showed the  
highest degree of carryover (i.e., were not removed from t h e  mesh and lifting bucket 
by the low-pressure spray). Larvae were removed more effectively, but still showed a 
relatively high rate of carryover. Decapod zoeae were removed most efficiently. 

The da ta  were analyzed to determine whether screen speed (7, 14, and 28 fpm) or 
approach velocity to the Screen (0.5 and 1.0 fps) influenced spray-wash efficiency.
While it was expected that  increased screen speed would decrease efficiency, this 
relationship was not detected f o r  any of the taxa studied. Approach velocity appeared 
to inf h e n c e  Anchoa mitchilli and Perciformes egg carryover; fewer  eggs were carried 
over at 1.0 fps  than at 0.5 fps. 

I t  was suggested t h a t  t h e  power of the  analysis may have been limited by the  high
degree of variability in t he  data  (Table 6-59) and, with the exception of A.- mitchilli, 
the  generally low abundance of organisms tested. 

Prototype Screening Efficiency 

In order to determine the efficiency of the prototype screen in preventing the pas
sage of organisms, whether through the 0.5-millimeter mesh or the various sealed 
areas in the  Screen assembly, samples of organisms present in the screened water 
were collected. Samples were preserved and processed in the laboratory. Laboratory 
analysis consisted of enumeration, identification to the lowest feasible taxonomic 
level, the determination of life stage, and size measurements (fish larvae only). 

Samples were collected with a sampling pump (Figure 6-50) that discharged into two 
conical plankton nets  submerged in tanks. The pump was run fo r  at least 1 hour to 
obtain sample volumes no smaller than 100 cubic meters. 

The analysis of screening efficiency was limited by a lack of data. A total of 10 
tests were conducted; however, only the results of four (two at a screen speed of 
7 fpm and two a t  14 fpm) were analyzed. A listing of the recovered and identified 
taxa is given in Table 6-60. Anchoa mitchilli (eggs and larvae) was the only species
that  occurred frequently e n o u g m e  analyzed at the species level. All other species 
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occurred in relatively low abundance in both screen-wash and screen-efficiency sam
ples. Therefore, most of the remaining species were combined into larger taxonomic 
groupings. The mean percentage loss da ta  are presented in Table 6-61 for each spe
cies or group that  occurred in enough abundance for analysis. The available data  
indicated t h a t  a portion of the  organisms were not completely screened. These loss 
data  do not point out the causal agent. However, t he  investigators indicated tha t  
an analysis of the length of the larvae collected in the screen-wash and screen-
efficiency samp!za suggested that  organisms had passed between the seals. 

Plank ton N e t  Sampling 

Plankton ne t  samples were collected adjacent to t h e  prototype screen structure using
the  techniques employed in the 1979 Aquatic Ecology Study (Phillips and Blanchet 
1980a,b). Four replicate samples were collected on 1 day during each week of 
screen sampling at the  same time that  screen samples were collected. Samples 
were preserved for la te r  processing. Laboratory analysis f o r  RIS consisted of enumer
ation, identification to species or t he  lowest feasible taxonomic level, t h e  determi
nation of life stage, and size measurement (fish larvae only). 

Species collected in plankton nets were compared with species collected in the screen-
wash samples. With the exception of yolk-sac larvae of Cynoscion nebulosus and 
Pogonias cromis (which were found only in net  samples in low abundance and only 
on one date),all species and life stages collected in the ne t  were also recorded 
from the  screen-wash samples. 

The results indicated that, qualitatively, t he  prototype screen sampled nearly all 
species and life stages tha t  were collected in plankton ne t  samples from the plant 
in take canal. 

Investigations of the  Organism-Return System 

An essential element of the fine-mesh screening concept is the system that returns 
the impinged meroplankton to Tampa Bay. The Applicant selected a trough design as 
the  conveyance mechanism for the return of organisms to the Bay. 

Flume Study. In order to evaluate the  biological e f f ec t s  of travel through a return 
trough, survival studies were conducted with test animals placed in a circular flume. 
The flume was 12 inches deep and 9 inches wide, and had an outer diameter of 
8.3 feet. Water contained in the flume was circulated at 2 fps by water-drive paddles. 

Tests were conducted by placing individual groups of RIS life stages into the flume 
and allowing them to circulate at velocities of 2 fps  for 1 hour, which is equivalent 
to traveling a straight distance of 7,200 feet. This velocity was considered by the  
Applicant to be sufficiently high to move organisms rapidly to a release site, but 
low enough to minimize damage from turbulence and abrasion. Test organisms were 
obtained from the prototype screen and, therefore, at the end of flume testing had 
experienced the  entire process of impingement, removal, and transport. 

Control organisms collected from the prototype screen were subjected to the same 
conditions, except  that  the water in t h e  flume was not circulated. These organisms 
were collected a f t e r  1 hour to determine whether the flume-testing procedure con
tributed to any observed mortality. 



After each test run, t he  organisms were removed from the  flume by draining the 
water  into a screened collection box. The organisms were then enumerated as live, 
stunned, or dead, and live individuals were held for 96 hours to determine la ten t  
mortality. Holding procedures were identical with those used in the proto type-screen
evaluation. 

Organism Survival Studies. In conjunction with flume studies, a study of organism
survival in water from the proposed organism-return canal (ORC) was conducted 
during 1 week each month from June through August 1980. Organisms collected 
with a plankton ne t  were sorted into batches of 30 (lots of 5 )  and held in the ORC 
water  fo r  96 hours. In addition, control organisms collected with the  ne t  were held 
in the  plant-intake-canal (PIC) water for  a comparison of latent survival. 

Although data  for the  flume and organism survival studies were collected indepen
dently, t he  statistical analysis combined all the data  together. This was done to 
control for the  large day-to-day variability in survival t ha t  of ten occurred. As 
discussed above, 96-hour control and tes t  mortality was very high during the phase
of testing when most of the flume and organism survival studies were conducted. 
Therefore, t he  investigators believed tha t  i t  would have been of l i t t le value to analyze
the 96-hour results. Accordingly, t he  analyses focused on 48-hour data, with 48-hour 
survival as t he  primary variable of interest. This variable is the percentage of 
organisms that survived flume tests, control tests, or  PIC and ORC tests for  48 hours. 
The variable is actually the  product of initial survival and 48-hour holding survival. 

A total of 15 flume tests and 8 control tests were conducted. In addition, eight ne t  
samples of organisms to be held in the ORC and PIC water were taken on correspond
ing sampling dates. The 8 dates on which this sampling took place spanned the  period 
from m i d J u n e  to mid-August 1980. Before this, a total of 18 samples of net-collected 
organisms had been held in ORC o r  PIC water. This earlier testing period occurred 
from late May to early June 1980. 

Anchoa mitchilli and Harengula jaguana were the  only species collected in sufficient 
abundance to be analyzed separately. Both of these species a r e  RE. All other  species
occurred in relatively low abundance. For this reason, most of the  remaining species 
were combined into larger taxonomic groupings for analysis. A listing of the  taxa 
and groupings used in this study is given in Table 6-62. 

For t h e  flume studies, t h e  results represent the  combined data  of all the life stages.
The results were combined because organisms that were placed in the  f lume as eggs
of ten  hatched before or during testing, and therefore the  life s tage  at which testing
had occurred could not be precisely determined. This occurred for all fish species
but more frequently with organisms of t he  Perciformes group. 

The analyses for Anchoa mitchilli, Harengula jaguana, and Perciformes flume tes ts  
(June through A u a d i c a t e d  tha t  there was no sinnificant difference between 
flume-test and control survival to 48 hours. Similar&, no significant differences 
were observed in 48-hour survival of organisms held in PIC and ORC water during
either study period. Data on mean 48-hour total survival for these two species
and the  Perciformes group a re  presented in Table 6-63. These rates of survival 
represent the mean for flume and PIC/ORC survival tests tha t  were conducted con
currently and therefore do not include data  from the earlier (May 22 to June 3)
sampling period. 
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The analyses for shrimp and crab zoeae included only the  flume-test and control da t a  
(Table 6-63). These data indicated that there was no significant difference in flume-
test and control survival for 48 hours. 

There was enough data from the  earlier (May 22 to June 3) sampling period to per
mi t  a n  analysis of crab zoeae held in ORC and PIC water, but shrimp zoeae were 
not  abundant enough to permit analysis. These results indicated tha t  there was 
no significant difference in 48-hour survival of crabs held in ORC and PIC water; 
t he  mean survival was 88 percent. 

Evaluation of the Proposed Organism-Return Canal. Two potential sites were con
sidered by the  Applicant for returning the  organisms removed from the  proposed
fine-mesh screening systems (Figure 6-51). The preferred site (Area I)  is a large, 
dead-end, undeveloped canal located approximately 300 meters (1,000 fee t )  north 
of the plant intake canal. The other potential site (Area 2) is off t he  breakwater 
to the south of Fish Hook Key. Of the  two, Area 1 is much closer to the plant and 
therefore would allow for a faster  return of the organisms with less potential for 
transport stresses. Because of flushing rates, it was thought t h a t  t h e  ORC could 
differ in water quality from the  PIC to t h e  extent  that  organism survival would be 
affected. In order to identify any important differences in water quality between 
t h e  ORC and the  PIC, water quality and hydrographic and biological studies of each 
canal were made from May through September 1980. 

Area 2 was considered an a rea  of ambient bay conditions and acceptable water quality,
should it be used. Therefore, biological and water quality data  were not gathered for 
this location. 

As shown in Figure 6-52, sampling stations were established in the  PIC and the ORC. 
A complete discussion of sampling procedures and the data obtained are presented
in another report (Tampa Electric Company 1980d). 

The major conclusions made from t h e  data  collected during the study were as follows: 

1. Hydrographic parameters (temperature, salinity, dissolved oxygen, and 
. 	 pH) were generally similar at the PIC and the ORC. Recurrent anoxic 

conditions were not present in either canal. 

2. 	 Values of water quality parameters (micronutrients, pesticides, and metals), 
chlorophyll a, and fecal  coliform levels were generally low and similar 
in t h e  two canals. 

3. 	 Phytoplankton, zooplank ton, and meroplank ton communities were generally
similar in species composition and density in the two canals. 

4. 	 Overall, t he  major biological and water quality parameters of the two 
canals were similar, with small-scale variations occurring that  were attrib
uted to natural spatial patchiness in the estuarine environment. 

Reentrainment Evaluation. The two candidate release areas were assessed for  the 
potential for  reentraining organisms released from a return trough. In the assess
ment, hydrodynamic models were used to simulate the movement of released organisms
with relation to the intake flow. Because of the physical characteristics of the two 
areas, different hydrodynamic models were used for  each area. Detailed descriptions 



of these models and associated assumptions are presented elsewhere (Tampa Electric 
Company 19SOd). 

The bathymetry of the ORC is shown in Figure 6-53. Organisms released into the 
canal would be expected to disperse along i t s  length and, in time, would leave the 
canal as a .result of tidal flushing and the inflow of screen-wash water. It was 
assumed that, once planktonic organisms left the canal, they would enter the intake 
flow and would be reentrained. 

The strategy for the  analysis was to introduce organisms into the ORC and simulate 
the r a t e  at which they disperse out of the canal and become susceptible to reentrain
ment. A long retention time within the canal would allow organisms to grow and 
develop beyond the point where they would be susceptible to reentrainment in the 
in take structure. Susceptibility to entrainment is highly dependent on swimming
ability and the behavioral response of organisms, both of which a r e  functions of 
size and life stage. 

The simulation of the  organism flushing rate  in the  ORC used two release locations: 
one approximately 2,540 feet and another approximately 3,900 feet from t h e  mouth of 
the approximately 4,000-foo t-long canal. The analysis of two release locations in 
the canal permitted an evaluation of the  effect of the release location on reentrain
ment  rate. The results of these simulations a r e  presented in Figure 6-54. The loss 
r a t e  of organisms is dependent on the release location. The highest retention occurred 
with the  release point located at the eastern end of t h e  canal. With release at this 
location, more than 90 percent of the organisms would remain in the canal a f t e r  
I5 days and approximately 60 percent would remain a f t e r  30 days. If released at 
a point approximately 2,540 f e e t  from the canal mouth, approximately 75 percent
of the organisms would remain after 15 days and approximately 45 percent would 
remain after 30 days. 

Given the reported rapid growth rates  of fish and crustaceans while in the planktonic 
stage, t he  investigators suggested tha t  most released organisms would develop beyond 
a n  entrainable size and life stage before leaving the  canal. In addition, most inver
tebrate larvae and young of many fish species were expected to become demersal 
within the ORC. While some of these and other released organisms would reside 
in the vicinity of t h e  station, as the organisms grew and developed, movement into 
t h e  portions of Tampa Bay would occur. Because of t he  long retention time in the 
ORC and the other factors mentioned, it was predicted tha t  few organisms released 
near the east end of the  canal would be  subject to reentrainment. 

The alternative release location at Fish Hook Key was evaluated by simulating the 
dispersion of organisms from the midpoint of the breakwater within the nearby region
of Tampa Bay. A t  a point just north of Fish Hook Key, organisms were considered 
reentrainable in t h e  intake flow. Assuming a constant release rate of organisms,
the density of organisms at the point of reentrainment was calculated and the intake 
flow rate was used to determine the rate of reentrainment. While t h e  results did 
not  quantify t h e  reentrainment rate, the investigators believed the analysis demon
strated tha t  the reentrainment ra te  would be high and therefore this location would 
be  less desirable as a release location for  screened organisms. 

The results of the evaluation suggested that  few organisms returned to the east end 
of the ORC would be subject to reentrainment. The Applicant therefore selected 
the ORC as the preferred release location. 
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after reviewin the fine-mesh screening studies, t he  U.S. Environmental Protection 
Agency (1 981bf developed a Tentative Finding and Determination, t he  conclusions 
of which are as follows: 

1. 	 The prototype device appeared to be approximately _56_-perce_nt
effective in screening eggs and larvae from source water. 
Suggested changes in the  design of the spraywash system, lift
ing buckets and seals are proposed as means to substantially
improve the screening efficiency of the intake device. 

2. 	 Fish eggs and invertebrate larvae collected from the fine-mesh 
screen exhibited a low level of mortality. Many of the taxa 
involved were species of sport and commercial value, i.e., stone 
c rab  and drum. 

3. 	 Fish larvae collected from the  fine-mesh screens or by plankton 
nets  for control tests exhibited a high degree  o f  mortality.
The observed mortality, however, cannot be concluded to 
be solely due to impingement effects of the fine-mesh screen. 
Testing procedures, i.e., sampling and hauling, can  be viewed 
as factors contributing to the  apparent low survival of t he  larval 
organisms. The immediate return of animals upon collection 
from the screening device may enhance the survival of fish 
larvae. 

4. 	 The proposed transport systemof animals to the dead-end waterway
north of the plant appears to be an acceptable organism return 
system. Additional testing is necessary to verify the dispersion
of returned organisms to Hillsborough Bay. 

5. 	 Based on the results of the Fine-Mesh Screening Prototype Studies, 
sufficient information was provided to determine t h a t  the fine-
mesh screening of intake structures is a viable technology that 
will minimize entrainment effects. Furthermore, t he  installation 
of fine-mesh screens on Big Bend Units 3 and 4 will provide
for  entrainment effects approximately equal to the current impacts
associated with the operation of Units 1, 2 and 3 with conventional 
intake technology. The design modification effected by the 
addition of fine-mesh screens at the cooling water intake for 
Units 3 and 4 minimizes adverse environmental impact for 
t he  purpose of Section 316(b) of the Act. 

6.3.4 PEOPLE 

The proposed Big Bend Unit 4 is scheduled to begin operations in 1985. This section 
discusses the socioeconomic impacts associated with the operation of tha t  unit. 

6.3.4. I Employment 

The operation of Unit 4 is expected to create 50 permanent jobs. I t  is expected tha t  
the Tampa labor market will supply most of the skills necessary to operate the plant,
and tha t ,  wherever possible, TECO will hire workers from the  local market (Tampa
Electric Company 1979). Although no est imate  of the number of operating and main
tenance personnel to be hired locally has been provided, it may be reasonably assumed 



Table 6-20. Tolerance of s e l ec t ed  spec ie s  t o  cont inuously 
ch lo r ina t ed  e f f l u e n t a  

Species  L i f e  form 96-hour LC50 (mg/g> Re f e renc e 

Crassos t rea  v i r g i n i c a  J u v e n i l e  0.023 Roberts e t  a l .  (1975) 
(Os t r e i d a e )  Juveni  l e  >1.500 Bongers e t  a l .  (1977) 
Eas te rn  oys t e r  

C a l l i n e c t e s  sapidus 0.1 Mat t ice  and Z i t t e l  (1976) 
(Portunidae)  
Blue c rab  

Brevoort i a  tyrannus J u v e n i l e  0.09 <LC50< 0.223 Bongers e t  a l .  (1977) 
(Clupeidae) 
A t l a n t i c  menhaden 

Leiostomus xanthurus Juven i l e  0.09 <Le50 C0.223 Bongers e t  a l .  (1977) 
(Sc iaenidae)  
s p o t  

Menidia menidia 	 Larvael  0.037 
j u v e n i l e  

Roberts e t  a l .  (1975) 
(Ath eri n  i d  a e  ) 
A t l a n t i c  s i l v e r s i d e  

Abbrevia t ions  : 
LC50 = concen t r a t ion  l e t h a l  t o  50 percent  of the t e s t  organisms a f t e r  

96 hours. 
mg/k = mill igrams pe r  l i t e r .  

aAdapted from Tampa E l e c t r i c  Company ( 1 9 8 1 ~ ) .  

Table 6-21. Flow, v e l o c i t y ,  and temperature c h a r a c t e r i s t i c s  of 
t h e  condenser-cooling-water systems f o r  Big Bend Units  1-4 

~ ~~ ~ 

Parame ter 
~~~ 

Unit 1 Unit  2 Unit  3 Unit  4 

I n  take channe 1 
Unit  f low, c f s  537 537 537 537 
Cumulative flow, c f s  2,148 1,611 1,074 537 
Veloci ty ,  f p s  0.56 0.42 0.28 0.14 

Maximum temperature 16.8 16.8 16.8 16.8 
r i s e ,  OF 

Avge rage tempe r a  t u r  e 11.o 11.o 11.o 11.o 

Discharge channel 

r i s e ,  OF 

Abbreviat ions:  
c f s  = cubic f e e t  p e r  second. 
fps  = f e e t  pe r  second. 
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Table 

Component 

I r o n ,  t o t a l  

I ron ,  d i s so lved  

Nickel  

C opper 

Cadmium 

Chromium 

Le ad 

Mercury 

Selenium 

Z inc  

Manganese 

Arsenic  

Antimony 

Beryl l ium 

S i l v e r  

Titanium 

T o t a l  d i s s o l v e d  


s o l  i d s  
Total suspended 

s o l i d s  
PH 

Abbrevia t ions  : 

6-32. Data on water  q u a l i t y  
four  d i f f e r e n t  bottom-ash 

of e f f l u e n t s  produced 
d i s p o s a l  a r e a s a t b  

Avg . EPA 

A+B+C+D s tandarde  


0.88 

0.043 

0.02 

0.014 

0.001 0.01 

0.006 0.05 


0.05 
0.002 
0.01 

0.044 

0.138 

0.01 0.05 


0.05 


a t  

FDERC 
ground -wa ter 

q u a l i t y  
s tandard  
-

0.01 
0.05 
0.05 
0.002 
0.01 

0.05 

A 

0.90 
0.03 
0.009 

( f )  
0.001 

( f )  
( f )  
( f )  
( f )  

0.007 
0.10 

( f )  
( f )  
( f )  
( f )  
( f )  

7.8 

Ef f l u e n t s d  
B C 

0.91 0.98 
0.06 0.05 
0.02 0.03 
0.008 0.03 

( f )  ( f )  
( E )  (f) 
( f )  ( f )  
( f )  ( f )  
( f )  ( f )  

0.13 0.03 
0.29 0.15 

( E )  ( f )  
( f )  ( f )  
( f )  ( f )  
( f )  ( f )  
( f )  ( f )  

D 

0.71 
0.03 
0.02 
0.004 

( f )  
0.006 

( f )  
( f )  
( f )  

0.01 
0.01 
0.01 
(f) 

( f )  
( f )  
( f )  

4.6 7.7 55.6 

6.8 7.8 8.4 


EPA = U.S. Environmental P r o t e c t i o n  Agency. 
FDER = F l o r i d a  Department of Environmental Regulat ion.  

aFrom Tampa Elec t r ic  Company ( 1 9 8 1 ~ ) .  
bValues are i n  mi l l ig rams pe r  l i t e r  and were obtained from U t i l i t y  Water A c t  

Group (1979).  
CF lo r ida  Adminis t ra t ive  Code, Chapter 17-3.101. 
dThe fo l lowing  letters i d e n t i f y  t h e  c o a l  type  f o r  each pond from which t h e  

samples were taken: 
A. Western West Vi rg in i a  c o a l  
B. Eas t e rn  Ohio c o a l  
C .  Southern Ohio coa l  
D. Southern I l l i n o i s  c o a l  

These e f f l u e n t s  were used t o  provide conse rva t ive  estimates of l eacha te  
q u a l i t y .  

‘=National i n t e r i m  primary d r ink ing  water s t anda rds .  
fValues less than the minimum q u a n t i f i a b l e  concen t r a t ion  from U t i l i t y  Water 

A c t  Group (1979).  
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Table 6-36. Projections of the number of RIS fish and 

macroinvertebrate taxa impinged annually on the 


cooling-water traveling screens of Big Bend 

Units 1-3 and Units 1-4a 


Taxon 


Penaeus duorarum 

Pink shrimp 


Callinectes sapidus 

Blue crab 


Menippe mercenaria 

Stone crab 


Anchoa mitchilli 

Bay anchovy 


Harengula jaguana 

Scaled sardine 


Menidia bery11ina 


Projected annual 

impingement for 


Units 1-3b 


Macroinvertebrates 


73,500 


12,750 


600 


Fishes 


8,250 


Projected annual 

impingement for 


Units 1-4C 


98,360 


17,064 


786 


\10,6301 \ 

220' 

NI i . 

29,444 


284 


56 


Tidewater silverside 

Bairdiella chrysoura 

Silver perch 


Cynoscion nebulosus 

Spotted seatrout 


Pogonias cromis 

Black drum 


165 


NI 


21,750 


213 


42 


Abbreviations: RIS = representative important species. 
NI = no information; not collected during 1979-1980 

impingement studies. 

aProjections based on impingement collections made at intervals of 
approximately 2 weeks from March 14, 1979, to February 12, 1980. 

bInterpolated from projections for Units 1-4. 

CReported in Tampa Electric Company (1980~). 
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Table 6-38. Operat ional  da t a  on condenser cool ing  water and d i l u t i o n  
pumps f o r  Big Bend Uni t s  1-3, January 1976-March 1977a 

Month 

1976 
January 
February 
March 
Apri 1 
May
June 
J u l y  
August 
September 
October 
November 
Dee embe r 

Tota l  

1977 
January 
February 
March 

Condenser cooling-water pumps Tota l  of a l l  D i l u t i o n  
Unit  1 Unit  2 Unit  3 th ree  u n i t s  Pump 

2.00 29.16 (b)
0.00 27.58 (b)  
0.44 30.51 ( b )  

12.28 29.75 (b)  
30.11 5.00 22.54 

31.16 
27.58 
30.95 
42.03 
57.65 

6.83 
0.00 

15.33 
27.00 
28.50 

28.72) 0.00 28.12 56.85 23.00 
30.24 21.95 26.83 79.02 31.00 
27.62 29.47 18.57 75.66 28.00 
25.26 27.51 28.69 81.46 20.83 
29.89 30.88 25.45 86.22 31 .OO 
24.45 24.25 18.33 67.03 15.33 
28.62 30.87 28.98 88.47 31.00 

239.61 286.93 197.51 724.05 257.82 

29.41 25.95 27.73 83.09 27.83 
27.69 25.93 15.04 68.66 22.83 
30.20 30.67 0.00 60.87 26.83 

~ 

a A l l  values  a r e  days of opera t ion .  
bNot i n  se rv i ce .  

I 
I 
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Table 6-39. Estimated number of t o t a l  f i s h  eggs and l a rvae  entrained 
within the condenser cool ing system of Units  1, 2, and 3 and within 

the  d i l u t i o n  pumping system of Big Bend S t a t i o n ,  
January 1976-March 1977a 

Eggs Larvae 
Condenaer Di lu t ion  pump Condenser Di lu t ion  pump

Month entrainment ent r a  inmen t en trainment entra inmen t 

1976 
January 
February 

0 
3.069 x lo7 

0 
0 

2.217 x lo6 
3.022 x lo6 

5.940 x lo5 
0 

Ma rch 2.709 x 108 1.817 x 101o 5.342 x 107 1.873 x 109 
Apr i l  ' 3.996 x 1010 3.395 x 1O1O 5.234 x 109 3.458 x 109 
May
June 
J u l y  

3.295 x 101O 
7.092 x 109 
4.442 x 109 

3.246 x 1O1O 
8.126 x 109 
7.029 x lo9 

4.476 x 109 
1.161 x 109 
4.764 x lo9 

2.502 x 109 
5.926 x 108 
3.197 x 109 

August 
September 
October 
November 
December 

6.052 x 108 
2.803 x lo8 
4.592 x 107 
9.646 x 105 
2.994 x lo5 

3.599 x 108 
6.689 x 107 

0 
8.172 x lo4 
1.532 x 104 

6.290 x 109 
3.434 x 109 
6.191 x lo8 
1.312 x lo7 
1.871 x lo6 

6.325 x lo8 
2.939 x lo8 
3.266 x lo7 
6.136 x lo6 
2.007 x lo6 

Tota l  8.568 x 1010 1.002 x 10l1 2.596 x 1O1O 1.259 x 1O1O 

1977 . 
January 
February 
March 

0 
1.648 x 106 
1.368 x 1010 

3.581 x lo4 
4.110 x 106 
6.925 x 109 

2.437 x lo6 
6.914 x lo6 
1.087 x lo9 

2.937 x lo6 
4.829 x lo6 
2.756 x lo8 

Total  Apr i l  1976-
March 1977 9.906 x 1010 8.892 x 101o 2.709 x 1O1O 1.100 x 1O1O 

aAdapted from P h i l l i p s  e t  a l .  (1977). 
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Table 6-40. Estimated number of total invertebrate 

meroplankton entrained within the condenser 


cooling system of Units 1, 2, and 3 and within the 

dilution pumping system of Big Bend Station, 


January 1976-March 1977a 


Month 

1976 

January

February

March 

April 

May

June 

July

August 

September

October 

November 

December


I Total 


I 1977 

January

February

March


I aAdapted from Blanchet, Avery, and Leverone (1977). 


Dilution 

Condenser Pump

entrainment entrainment 


5.014 x 107 8.178 x lo6 

1.119 109 0 

9.379 109 4.843 x 1O1O 

7.191 x 1O1O 8.859 x 1O1O 

8.461 x 1O1O 4.800 x 1O1O 

2.346 x 1O1O 1.066 x 1O1O 

4.129 x 1O1O 1.410 x 1O1O 

5.286 x 1O1O 8.514 x lo9 

1.081 x 10l1 1.277 x 1O1O 

1.177 x 10l1 1.258 x 1O1O 

2.196 x 1O1O 4.629 x 109 

8.873 x 109 1.337 x 109 


~~ 

5.413 x 10l1 2.496 x 1011 


2.652 x lo9 1.237 x lo9 
8.759 x lo9 ' 4.110 x lo9 
1.162 x 1O1O 5.453 109 

I 
1 
1 
I 
I 
I 

I 
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I Table 6-41. Estimated entrainment of fish eggs, grouped by family, within 

the condenser cooling system of Units 1, 2, and 3 and within the 


dilution pumping system at Big Bend Station, 

January-December 1976a
I 

I 
Taxon 


I Sciaenidae (drum)

Engraulidae (anchovy)

Clupeidae (herring) 

Carangidae (jacks/pompano)

Soleidae (soles) 

Triglidae (searobins)

Cyprinodontidae (killifish)

Ephippidae (spadefish)

Pomadasyidae (grunts)

Unidentified 

Belonidae (needlefish) 

Gobiidae (gobies)

Atherinidae (silversides) 


I 
I 

I aAdapted from U.S. Environmental Protection Agency (1980). 

Number of eggs

entrained 


1.2 x 1011 

5.795 x 1010 

7.464 x lo8 

5.452 x lo8 
1.171 x 108 

3.782 x lo7 

1.780 x lo7 
1.757 x 107 
1.201 107 

5.782 x lo6 
1.468 x 106 
3.683 x lo5  
2.286 x lo5  

Percentage of total 

eggs entrained 


67 

31 

0.4 
0.2 

0.06 

0.02 

0.01 

0.009 

0.006 

0.003 

0.0008 

0.0002 

0.0001 


I 

I 

I 
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Table 6-42, Estimated entrainment  of f i s h  l a rvae ,  grouped by family,  
w i th in  the  condenser cool ing  system of Uni t s  1, 2 ,  and 3 and the  

d i l u t i o n  pumping system a t  Big Bend S t a t i o n ,  
January-December 1976a 

~ 

Number of larvae Percentage  of t o t a l  
Taxon 

Engaulidae (anchovies)  

Gobi idae (gob ies 

Sciaenidae  (drum) 

Pomadasyidae (g run t s )  

Spar idae  (po rg ie s )  

Carangidae ( jacks/pompano) 

Blennidae (b l enn ie s )  

Clupeidae (he r r ing )  

Sole idae  ( s o l e s )  

Ather in idae  ( s i l v e r s  i d e s )  

Uniden t i f i ed  

T r i g  l i dae  (searob ins  1 

Gob ie socidae ( c  l i ng f  i s h )  

Syngna th idae  (p ipe f i sh /  seahor se) 

Te  t raodont idae  ( p u f f e r s )  

Cynogloss idae ( tonguef i s h )  

Ephippidae ( spadef i sh)  

Cyprinodontidae ( k i l l i f i s h )  


en t r a ined  larvae en t r a ined  

3.352 x 101o 87  
1.613 x 109 
1.3 109 
9.052 x lo8 
6.028 x 108 
3.541 x 108 
1.756 x 108 
7.408 x 107 
9.546 x 107 
7.569 x lo7 
8.352 x 107 
4.006 x lo7 
2.290 x 107 
2.746 x 106 
1.517 x lo6 
9.062 x 105 
3.674 x 105 
2.286 x 105 

4 

3 

2 

2 

1 

0.5 

0.2 

0.2 

0.2 

0.2 

0.1 

0.06 

0.007 

0 -004 

0.002 

0.001 

0.0006 


aAdapted from U.S. Environmental P ro tec t ion  Agency (1980).  
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Table 6-43. Estimated number of eggs and l a r v a e  of Anchoa m i t c h i l l i  
en t r a ined  wi th in  the  condenser cooling system of Uni t s  1, 2 ,  and 3 

and wi th in  t h e  d i l u t i o n  pumping system of Big Bend S t a t i o n ,  
January 1976-March 1977a 

Eggs
Condenser D i lu t ion  pump 

Larvae 
Condenser D i lu t ion  pump 

Month en trainmen t entrainment en trainmen t entrainment  

1976 
January 
February 
March 
Apr i1 

0 
2.582 x lo7 
2.398 x lo8 
9.579 109 

0 
0 

3.757 109 
7.245 x 109 

0 0 
0 0 

1.949 x lo6 1.659 x 109 
4.614 x lo9 3.044 x lo9 

June
May 1.350 x 101o 

3.429 x lo9 
1.141 x 1O1O 
3.168 109 

3.950 x 109 1.828 x 109 
9.439 x lo8 4.089 x lo8 

J u l y  
August 
Sep tember 
October 
November 

1.673 x 109 
1.613 x lo8 
9.298 x lo7 
2.672 x lo7 

0 

1.960 x lo8 
3.338 x lo7 

0 
0 

3.414 x 109 
5.934 x 109 5.426 x lo8 
2.902 x lo9 2.103 x lo8 
3.689 x lo8 1.487 x 107 
8.343 x lo5 1.447 x lo6 

4.197 109 2.901 109 

December 0 0 0 0 
T o t a l  2.873 x 1O1O 2.922 x lO1o 2.291 x 1O1O 1.061 x 1O1O 

1977 
January 
February 
March 

0 
0 

1.362 x 101o 

0 

6.885 x 109 
1.306 x lo5 

0 0 

1.036 x 109 2.578 x lo8
0 0 

fi': 
aAdapted from P h i l l i p s  e t  a l .  (1977).  

I 

32 :.. I 
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4E 
Table 6-44. Estimated number of eggs and la rvae  of Sciaenidae 

en t ra ined  within the  condenser cool ing system of Units  1, 2 ,  and 3 
and within the  d i l u t i o n  pumping system of Big Bend S ta t ion ,  

January 1976-March 1977a 

Eggs Larvae 
Condenser D i lu t ion  pump Condenser D i lu t ion  pump 

Month entrainment entrainment en trainmen t entrainment 

1976 
January 0 0 0 0 
February 4.471 x lo6 0 0 0 
March 3.062 x 107 1.438 x 1O1O 2.784 x lo5  8.110 x lo7 
Apr i1 3.024 x lo6 2.661 x 1O1O 1.837 x lo8 1.530 x lo8 
May 1.863 x 1010 2.028 x 101o 1.339 x lo8 1.758 x lo8 
June 3.490 x lo9 4.582 x 109 3.508 x lo7  3.733 107 
J u l y  2.681 x lo9 3.468 x 109 1.083 x lo8 1.538 x lo8 
August 4.316 x 108 1.601 x 108 1.138 x lo8 3.164 x lo7 
Sep tember 1.854 x lo8 3.272 x 107 4.094 x lo7 1.262 x lo7. 
October 1.779 x lo7 0 5.852 x 106 1.792 x lo6 
November 9.646 x lo5 . 8.172 x lo4 0 0 
December 2.994 x lo5 1.532 x lo4  0 0 

To ta l  5.571 x 101o 6.951 x 101o 6.219 x lo8 6.471 x lo8 
1977 

January 0 3.581 x lo4 2.437 x lo6  3.581 x lo4 
February 1.648 x lo6 3.979 x 106 1 .171  x l o 6  1.909 105 
March 5.587 x l o 7  3.856 x lo7 '7.511 x lo6 4.546 x lo6 

aAdapted from P h i l l i p s  e t  a l .  (1977).  
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Table 6-45. Estimated number of eggs and larvae of Harengula jaguana
entrained within the condenser cooling system of Units 1, 2, and 3 

and within the dilution pumping system of B i g  Bend Station, 
January 1976-March 1977a 

Month 


1976 

January

February

March 

April 

May

June 

July

August 

September

October 

November 

December 

Total 


1977 

January

February

March 


Condenser 

entrainment 


0 

0 

0 


1.719 x 107 
5.113 x lo8 
2.980 x lo7 
4.186 107 

0 

0 

0 

0 

0 


Eggs

Dilution pump

entrainment 


0 
0 

0 


3.983 x lo6 

8.232 x lo7 

8.958 x lo6  

4.923 x lo7 


0 

0 

0 

0 

0 


6.002 x lo8, 1.445 x lo8 

0 0 

0 0 

0 0 


Larvae 

Condenser Dilution pump

entrainment entrainment 


0 0 

0 0 

0 0 

3.948 x lo6 1.945 x 105 
3.352 x lo6 4.019 x lo6 
1.342 x lo6 7.575 x 106 
1.629 x lo7 3.524 x 107 

0 0 

0 0 

0 0 

0 0 

0 


2.493 x lo7 4.703 x lo7 


0 0 

0 

0 0 


aAdapted from Phillips et al. (1977) 


I 
I 
I 
I 



Table 6-46. Estimated number of Pinnixa sayan2 larvae 
entrained within the condenser cooling system of 

Units 1, 2 ,  and 3 and within the  d i lu t ion  
pumping system of Big Bend Sta t ion ,  

January 

Month 

1976 
January 
February 
March 
Apr i1 
May 
June 
July 
August 
September 
October 
November 
December 

Total  

1977 
January 
February 
March 

1976-March 1977a 

Dil u t  ion. 
Condenser P m P  

entra inment entra inment 

0 0 
5.516 x lo7 0 
4.660 x 109 1.453 x 1010 
3.728 x 1O1O 2.661 x 101o 
1.701 x 1010 1.504 x 1010 
1.048 x 1O1O 3.330 x lo9 
2.623 x loLo 7.171 x lo9 
1.689 x 1O1O 2.138 x lo9 
3.945 x 1010 2.677 x lo9 
8.028 x 1O1O 7.078 x lo9 
2.475 x lo9 1.629 x 109 
7.566 x lo7  7.830 x 106 

2.349 x 10l1 8.021 x 1010 

0 0 
4.533 109 1.850 x 109 
6.387 x lo9 2.606 x 109 

-
aAdapted from Blanchet, Avery, and Leverone (1977) .  
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Table 6-47. Estimated number of Polyonyx g ibbes i  l a rvae  
entrained within the condenser cooling sys tern of 

Units 1, 2, and 3 and within the  d i l u t i o n  
pumping s y s t e m  of Big Bend S ta t ion ,  

January 1976-March 1977a 

Month 

1976 
January 
February 
March 
Apri 1 
May
June 
Ju ly  
August 
September 
October  
November 
December 

Tota l  

1977 
January 
February 
March 


aAdapted from Blanchet, 

I 

Di l u t  ion 
Condenser Pump

entrainment entra inment 

1.841 x lo6 0 
1.024 107 0 
1.770 x lo9 2.551 x 101o 
1.076 x lo1* 4.646 x 101o 
4.765 x 101o 2.105 x 1010 
5.653 x 109 3.757 109 
3.724 x 109 1.117 x 109 
8.849 x lo8 2.138 x lo8 
2.208 x 1010 4.134 x 108 
1.026 x 1O1O 6.877 x lo8 
6.640 x lo9 1.686 x lo8 
1.071 x lo7 5.860 x lo6 
1.094 x 1011 9.938 x 101o 

0 1.446 x lo6 
0 4.900 x lo5 
0 2.961 x lo5 

Avery , and Leverone (1977) 
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.- a f f i n i sTable 6-48. Estimated number of Upogebia -- l a rvae  
en t ra ined  within the condenser cooling system of 

Units 1, 2 ,  and 3 and within the  d i l u t i o n  
pumping system of Big Bend S ta t ion ,  

January 1976-March 1977a 

Di lu t ion  

Month 
Condenser 

entra inment 
Pump 

entra inment 

1976 
January 0 0 
February 
March 

0 
7.748 x lo8 

0 
3.951 x 109 

Apr i1 1.082 x 101o 7.365 x 109 
May
June 

1.220 x 1010 
3.296 x LO9 

6.750 x 109 
1.501 x 109 

Ju ly  2.167 x lo9 1.498 109 
August 6.889 x 109 7.896 x 108 
September 7.352 x 109 1.160 x 109 
October 1.095 109 3.494 x 108 
November 
December 

3.455 107 
8.939 x lo6 

3.669 x 107 
5.140 x lo6 

Tota l  4.464 x 101o 2.341 x 101o 

1977 
January 
February 
March 

0 
2.963 107 
4.174 107 

2.892 x 105 
3.523 x lo6 
4.885 x lo6 . 

aAdapted from Blanchet, Avery, and Leverone (1977). 



Table 6-49. Estimated number of Neopanope texana la rvae  
en t r a ined  within the condenser cool ing  system of 

U n i t s  1, 2, and 3 and within t h e  d i l u t i o n  
pumping system of Big Bend S t a t i o n ,  

January 

Month 

1976 
January 
February 
March 
Apri 1 
May
June 
July 
August 
September 
October 
November 
December 

To ta l  

1977 
January 
February 
March 

1976-March 1977a 

Di lu t ion  
Condenser P m P  

entrainment e ntra inment 

0 0 

0 0 

1.668 x lo8 3.736 x 108 
9.108 x lo8 6.851 x lo8 
6.235 x lo8 4.061 x 108 
1.381 x lo9 2.958 x 108 
9.172 x lo8 4.686 x 108 
1.221 x 1010 1.138 x 109 
1.294 x 101o 2,686 x lo9 
1.147 x 101o 1.409 x 109 
1.037 109 5.225 x 108 
2.534 x 108 1.035 x 108 

4.191 x 1010 8.087 x 109 

2.728 x 106 1.879 x lo6 
8.786 107 3.335 x 107 
1.231 x lo8 . 4.648 107 

aAdapted from Blanchet, Avery, and Leverone (1977). 

I 
p ;
.: 
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Table 6-50. Estimated number of Menippe mercenaria la rvae  
entrained within the condenser cooling system of 

Units 1, 2 ,  and 3 and within the  d i l u t i o n  
pumping system of Big Bend S ta t ion ,  

January 

Month 
~ 

t 1976 
January 
February 
March 
April  
May
June 
July 
August 
September 
October 
November 
December 

Total  

1977 
January 
February 
March 

1976-March 1977a 

Di lu t ion  
Condenser P m P  

entrainment entrainment 

0 0 
0 0 

6.453 x lo7 1.779 x lo8 
5.642 x lo8 3.237 x lo8 
2.782 x lo8 1.416 x lo8 
3.485 x lo9 1.748 x lo8 
5.306 x lo8 3.579 x 108 
1.025 x lo9 2.105 x lo8 
1.742 x lo9 4.965 x lo8 
4.529 x lo8 9.596 x lo7 
1.585 x lo7 9.525 x lo6 
9.729 x lo5 1.059 x lo6 
5.023 x LO9 1.989 x l o9  

0 0 

0 0 

0 0 


=Adapted from Blanchet, Avery, and Leverone (1977). 
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Table 6-58. Taxonomic groups recovered and identified 
in spray-wash efficiency sampling conducted at 

Big Bend Station during April-July 1980 

Taxonomic group Taxon 


Anchoa mitchilli Anchoa mitchillia 

Invertebrate "zoea" 	 Unidentified invertebrate zoea 


Caridea 

Penaeidae 

Brachyura (including the xanthid 

Menippe mercenariaa) 

Thalassinidea 
Anomura 

Perciformes 	 Unidentified Perciformes 

Archosargus probatocephalus 

Unidentified Carangidae 

Unidentified Sciaenidae 

Bairdiella chrysouraa 

Menticirrhus spp. 

Pogonias cromisa 

Cynoscion arenarius 

Cynoscion nebulosusa 

Gobiosoma rubustum 

Orthopristis chrysoptera b 


aRepresentative important species. 
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Table 6-59. 	 Resul ts  of spray-wash e f f i c i e n c y  t e s t i n g  conducted a t  
Big Bend S t a t i o n  during April-July 1980 

P e r  cen tage Mean of 
Taxonomic L i f e  Number of of carryover  percentage 

group s t age  observat ions Range Mean removed 

Anchoa m i t c h i l l i  Eggs 
Larvae 

15 
15 

17-100 52 .9  
13-76 39.5 

47.1 
60.5 

'IZoea" Zoea 15 7.5-43 23.7 76.3 
Perciformes Egg* 

Larvae 
15 
15 

26-100 5 2 . 4  
0-100 42.3 

47.6 
57 .I 

I 
I 
I 
I 
I 
I 
I 

1 

I 
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Table 6-60. Taxonomic groups recovered and i d e n t i f i e d  i n  
screening e f f i c i e n c y  sampling conducted a t  

B i g  Bend S t a t i o n  

Taxonomic group Taxon 

Anchoa m i t c h i l l i  Anchoa m i t c h i l l i a  
Inve r t eb ra t e  I'zoea" 	 Unident i f ied i n v e r t e b r a t e  zoea 

Caridea 
Penaeidae 
Brachyura ( inc luding  t h e  xanthid 

Menippe mercenariaa) 
Thalassinidea 
Anomura 

Perciformes Unident i f ied Perciformes 
Archosargus probatocephalus

Q;b, Chloroscombrus chrysurus 
Unident i f ied Sciaenidae 
B a i r d i e l l a  chrysouraa 
Menticirrhus spp. 
Or thopr i s t i s  chrysoptera  

aRepresentative important spec ies .  

Table 6-61. Resul t s  of screening e f f i c i e n c y  t e s t i n g  a t  
Big Bend S t a t i o n  

Taxonomic L i fe  Number of Percentage of loss 
group s tage  observat ions Range Mean 

Anchoa m i t c h i l l i  Eggs 4 80.4-88 .O 84.9 
Larvae 4 24.6-63.8 42.5 

"Zoea" Zoea 4 14.9-41.2 26.6 
Perc iformes Eggs 4 37.8-100 69.8 

6- 127 -75' 
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Table 6-62. Taxonomic groups analyzed in flume and organism 

survival studies conducted at Big Bend Station from 


June through August 1980 


Taxonomic group Taxon 


Anchoa mitchilli Anchoa mitchillia 

Harengula jaguana Harengula jaguanaa 

Perciformes Unidentified Carangidae 


Chloroscombrus chrysurus 

Oligoplites saurus 

Orthopristis chrysoptera 

Unidentified Sciaenidae 

Bairdiella chrysouraa 

Cynoscion arenarius 

Cynoscion nebulosusa 

Menticirrhus spp. 

Pogonias cromisa 

Microgobius gulosus


Shrimp Caridea 

Crabs Brachyura (primarily Pinnixa sayana) 


Xanthidae (including Menippe mercenariaa) 

Thelassinidea (primarily Upogebia affinis) 

Anomura 


A& 

aRepresentative important species. 


Table 6-63. Total 48-hour species survival in flume and organism 

survival studies.at Big Bend Station, June-August 1980 


Species 


Anchoa mitchillib 

Harengula a uanab 

Perciformes
;Lsg_ 
Shrimpb
CrabsC 

aKey: 

Range of 
obaerved Mean 
values survival 

22.1-89.4 49.7 

40.0-100.0 76.2 


0-79.4 42.6 

37.5-100.0 69.7 

44.9-81.4 63.1 


Numbers of  observations 
of each test type

included in the meana 

C(5), F(10), CR(51, CP(5) 

C(3), F(5), CR(31, CP(3) 

C(6), F(9), CR(61, CP(6)

C(81, F(14)

C(81, F(15) 


C = Live control organisms collected from screen, placed in flume, and 
held in intake-canal water 

F = Live t e s t  organisms collected from screen, run in flume, and held 
in intake-canal water 

CR = Net-collected organisms held in organisms return-canal water 
CP = Net-collected organisms held in intake-canal water 

bIncludes eggs, yolk-sac larvae, and postlamae. 
CIncludes all zoea1 life stages. 
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Figure 6-49. Profile arrangement, prototype fine-mesh screen, Big Bend Station Unit 4. 
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